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BOTANICAL GAZETTE 


DECEMBER, 1893. 


The bacterial flora of the Atlantic ocean in the vicinity of 
Woods Holl, Mass. 


A contribution tothe morphology and physiology of marine 
bacteria. 


H. L. RUSSELL. 
WITH PLATE XXXVI. 
(Concluded from p. 417.) 
Description of new forms. 


While some of the forms that have been isolated at Woods 
Holl have been identified with those found in Mediterranean 
waters, the predominant species have in most cases specific 
differences that separate them from the European species. A 
careful search in the systematic works of Eisenberg, Frank- 
land, Lustig, and others that describe mainly the water forms 
failed to give any evidence that the forms here dealt with had 
been previously recorded. This is not at all surprising when 
we take into consideration the fact that the systematic part 
of bacteriology has heretofore concerned itself mainly with 
the fresh water types and that little or no attention has been 
given the marine bacterial flora. 

I have, therefore, described the predominating species that 
have been isolated and studied during the past season in order 
that we may havea basis for comparison with European marine 
forms. 

The difficulties of a satisfactory classification of bacterial 
species have not as yet been entirely overcome, but the pres- 
ent tendency to introduce physiological and _ ecological 
characters in the description of new forms is virtually a 
necessity. The correlation of form and function in the living 
organism is so close that both factors must be considered in 
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any accurate and thorough description that will enable a later 
student to positively identify the species. 

The bacterial flora of any particular habitat may be consid- 
ered in two ways—qualitatively or quantitatively. Often there 
is a wide diversity as to the number of different forms that are 
present in any particular location, but as a rule the majority 
of individual organisms belong within the limits of compara- 
tively few species. This is more especially true with reference 
to a region in which the adventive or introduced forms are 
comparatively few, and with the great bulk of oceanic waters 
these conditions prevail. Where they receive the drainage of 
large river systems or are subject to sewage contamination of 
large cities, the number of species as well as the number of 
individual germs is usually increased, but these conditions do 
not obtain with reference to the locality investigated this 
season. 

The location of Woods Holl is so favorable with respect to 
the possibility of the introduction of adventive forms that it 
seems highly probable that the conditions here are quite 
normal and may fairly represent the condition of marine bac- 
terial life in general. 

While the water and mud masses of this region possess 
bacterial life in considerable abundance, no great variety of 
species is to be noted. The four or five forms that will be 
described in detail comprise by far the larger proportion of 
living germs that are to be found. In numerous instances, 
the cultures contained not more than two or three species, and 
very rarely did any single culture show more than four or five 
different forms. 

This peculiarity is quite noteworthy, as the number of pre- 
dominating species of any particular habitat is rarely so small 
as in this case. 

Bacillus limicola, sp. nov.—This species is the most char- 
acteristic indigenous inhabitant of the ocean bottom in the 
Atlantic near Woods Holl. Almost every test that was made 
from the mud revealed the presence of this bacillus. 

In regard to its morphological characters, it is a bacillus, 
but it has a variability of form and size that is quite remark- 
able. If a cover glass preparation be made from a rapidly 
developing agar culture, such wide diversity of forms present 
themselves,that one can scarcely avoid the conclusion that 
the culture has become contaminated, even though he may 
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be satisfied as to the purity of its origin. There are bunches 
of short oval forms, almost spherical, that closely resemble 
large micrococci (fig. 1, B, a), others of an elongated normal 
bacillus type, often united in short filaments (fig. 1, B, c), while 
still others are curved after the manner of a spirillum. 

The variability of form is also accompanied by a wide 
range in size, not only among the different growth forms but 
among those of the same morphological structure. Besides 
what seems to be the typical, elongated bacillus, there are 
often seen individual cells, having one end pointed, or lance- 
shaped (fig. 1, B, 6). These cells are usually united in pairs, 
the larger ends being in contact and present a strong resem- 
blance to the lanceolated forms found in Bac. pneumonize. 
The range in size of the bacillus type of this germ varies 
within the limits of 0. 7—1.8 in width, while the length is some- 
times no more than I and from that to 5. The short 
spheroidal cells are as a rule somewhat wider than the bacil- 
lus type, and have a more refringent aspect that closely re- 
calls the appearance of arthrospores of some species, but the 
cell union of these forms would hardly be conceivable with 
true spores. 

Then, too, the fact that old non-sporogenous cultures, hav- 
ing these refringent cells, were killed at the comparatively low 
temperature of 55°C. is against the view that they are genu- 
ine spore stages of this bacillus. 

Whether the wide variation in form and size is due to the 
pleomorphic nature of the species or to involution changes is 
a question. These appearances are to be noted in cultures 
24'" old and in hanging drop preparations the unstained 
bacteria have the ordinary optical properties of active proto- 
plasm, but when subjected to staining agents like methylene 
blue or carbol-fuchsin, they stain so irregularly as to lead one 
to believe that a degeneration of the protoplasm has already 
begun. Cover-glass preparations stained by Gram’s method 
are not decolorized. 

When the germ was first isolated at Woods Holl, spores 
were often observed in agar cultures kept at ordinary summer 
heat, but in later cultivations on both salt and fresh water 
media, I have been unable to demonstrate them either at 
room temperature or blood heat. This peculiarity is some- 
what remarkable, yet the observance of this phenomenon 
with other bacterial forms like anthrax when cultivated on 
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artificial media for considerable time shows that this condi- 
tion is not exceptional. It is another instance that goes to 
show how intimate the relation is between the organism and 
its environment; how that by modification of exterior sur- 
roundings, such a deep seated phenomenon as that of repro- 
duction may be profoundly affected. 

The chromogenic function of this bacillus is best seen when 
grown on an agar medium. On this substratum, it presents a 
fairly copious growth, smooth and shining. At first the color is 
but slightly developed, but as the culture increases in age, 
it passes from an ochreous yellow to adeeprich orange. There 
is considerable variation in the production of the pigment de- 
pending upon the temperature at which the culture is grown. 
Cultures kept at blood heat remain very pale and do not de- 
velop, even in old age, the rich orange tint that is seen in 
growths kept at the temperature of the room. 

In gelatin the growth characters are as follows: In tube 
cultures 24 hours old, there is a slight pit observable at surface 
point of inoculation caused by the liquefaction of the gela- 
tin. This spreads superficially, and also gradually deepens 
until there is a broad liquefied funnel formed in the gelatin 
that slowly widens until the sides of the tube are reached. 
Usually there persists for several days at the surface, an air 
pit in the medium, caused by the evaporation of liquefied 
material. The consistency of this liquid mass is thick but 
not viscous. The fluid gelatin is filled with a slightly floccu- 
lent precipitate that remains in suspension, while a consider- 
able amount of amorphous yellowish growth material is de- 
posited on bottom. No membrane is formed on the surface of 
the fluid. 

The appearance of colonies in gelatin plates is not espe- 
cially characteristic. The germs quickly liquefy the medium 
in a regular circular form. Macroscopically, the edge of the 
colony is translucent while opaque patches of zoogloea cover 
the center. These are usually of a dull, grey color, but 
are sometimes tinged with a faint reddish lustre when ob- 
served in reflected light. Under the lens, the edge of the 
colony is granular, the extreme periphery being the densest. 
Short irregular filaments radiate from the extreme edge into 
the surrounding gelatin. 

On agar, the germ develops quite rapidly although not very 
luxuriantly. The culture appears on the second day as a 
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smooth, shining colony that spreads out in a thin layer over 
surface of medium. 

The young cultures are often tinged with yellow, but this 
gradually deepens with age until it reaches a rich orange 
brown. 

On potato, no growth could be obtained, while in milk, the 
casein was entirely peptonized although but a slight amount 
of acid was produced. The milk serum remains turbid. Un- 
der anaerobic culture conditions, no growth could be noted. 


Bacillus pelagicus, sp. nov.—One of the most common 
and widely distributed of the marine bacteria that have been 
observed in this locality is a small, short bacillus that has 
been named B. pelagicus. 

This species was found abundantly in both water and mud, 
and in almost every culture that was made. The mud layers 
were filled with it, both in a vegetative and a spore condi- 
tion, so that it is evident that its presence on the sea bottom 
is not to be accounted for by simple deposition of the spores 
from the water masses above. It is found abundantly in the 
vicinity of the shore, as well as in the samples that were 
taken by the Grampus 100 miles from land. 

Morphologically, it is a slender bacillus, usually quite short 
(0.4@xX 1.5-2.5), but a number of segments may be united 
into filaments of various lengths. In vigorous cultures, the 
shorter forms have a very lively, tumbling movement. Small, 
narrow spores are easily formed on different media at ordinary 
temperatures. This bacillus takes aniline stains easily. 
When Gram’s solution is used, the bacilli show a spotted ap- 
pearance, the granules retaining the stain while the remainder 
of the cell is decolorized. 

In cultures it grows fairly well, although not luxuriantly. 
In gelatin plate cultures growth is not rapid, but the food- 
medium is gradually liquefied, the grayish white growth 
masses settling to the bottom of the colony. Under the mi- 
croscope, the colony presents the usual granular appearance, 
the edge of it being sharply defined. In gelatin tubes, the 
appearance of the cultures is more characteristic. It spreads 
superficially more rapidly than in vertical direction, forming a 
shallow cup filled with homogeneously granular, turbid, liquefied 
gelatin that is covered with a copious white film on surface. 

Tne predilection for oxygen is further shown when cultures 
are made under anaerobic conditions. In deep gelatin tubes 
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and in cultures prepared according to Buchner’s pyrogallic 
method, it does not develop. 

The liquefaction of the gelatin in ordinary tube cultures 
progresses slowly until the side of the tube is reached and 
then continues steadily to the bottom in horizontal layers. 
In old cultures, the film on the surface often has a reddish 
hue. The appearance along submerged portions of the needle 
track indicates only a scant growth. 

Streak cultures on agar show a thin hazy film becoming 
more opaque in lower part of tube where condensation water 
collects. On agar plate cultures, considerable variation is to 
be noted. Sometimes the colonies are small and opaque, 
then again they are often spread out in a thin film as in tubes. 
The colonies on agar are more or less viscid, and adhere 
easily to the needle when touched. 

On potato, this bacillus is a chromogene and grows more 
luxuriantly on this than any other medium. In _ thirty-six 
hours, at room temperature, the culture growth is apparent 
where it appears as a glistening yellowish drop around inocu- 
lation puncture. 

This rapidly spreads until the whole surface of potato is 
often covered with a deep orange-yellow growth that changes 
later in old cultures to a brick red. 

Milk is modified profoundly, the casein being coagulated by 
the production of acids. This coagulated material is soon 
peptonized, the serum remaining more or less cloudy. 

Bacillus litorosus, sp. nov.—This form was found in both 
water and mud layers in not inconsiderable numbers, although 
not nearly so common as B. pelagicus. 

Morphologically, it belongs to the larger type of bacteria, 
being a slender, typical bacillus form (If xX 4-7). It is 
usually found as an isolated individual or closely united in 
short chains of two or four segments. The protoplasm of 
the cells is usually homogeneous. This form is motile and 
is characterized by a slow, stately movement of a serpen- 
tine nature. 

In ordinary gelatin media, it forms quite a characteristic 
culture. Two or three days after inoculation, liquefaction of 
gelatin is to be noted at the surface and along needle track as 
well. The peptonizing of this substance takes place more 
rapidly at surface, so a broad funnel shaped sac is formed 
as a result of two or three days’ growth. There is usually 
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a sharply defined air pit at the surface, the base of which 
is covered with grayish masses of zoogloea. In the lower 
part of the liquefied needle track, spirally twisted strands are 
to be noted. A thick membrane is finally formed on surface 
from bits of flocculent zoogloea that adhere in masses which 
easily rupture upon the slightest movement. In old cultures, 
the bottom of the liquefied gelatin is covered with flocculent 
growth masses and the culture is not especially characteristic. 

On agar, this bacillus grows rapidly, forming a thick dull 
white colony with a sharply defined border. Under the lens, 
the edge of the colony is seen to be formed of numerous par- 
allel filamentous bands, that are looped at the edge so there 
are no freely projecting filaments radiating into the surround- 
ing medium. 

In agar tubes, these well defined grayish patches become 
confluent and more luxuriant in the lower part of the tube. 
At room temperature, the germ thrives better than at blood 
heat. In deep stick gelatin or agar cultures as in bouillon 
tubes prepared according to Buchner’s pyrogallic acid method, 
a marked growth is to be noted, showing the facultative na- 
ture of the germ. 

On potato there is a well defined compact white growth 
that is soft in texture and easily detached. When inoculated 
into milk, this bacillus sets up a very rapid change coagula- 
ting the casein and finally peptonizing it. The serum of the 
milk is at first filled with a cloudy precipitate that is formed 
from the masses of zoogloea but these are finally deposited 
on the coagulated casein. 

Bacillus maritimus, sp. nov.—Bacillus maritimus is found 
quite plentifully distributed in the mud layers. It is a 
sporogenous bacillus of good size (dimensions 1.504 xX 3.5- 
6) with round ends, but the cells are usually quite closely 
united into filaments of varying length. The protoplasm has 
often a granular appearance so characteristic of marine bac- 
terial forms. The spores are small, scarcely exceeding one- 
half the width of the cell (0.7” Xx 1.5). These are readily 
formed in forty-eight hours at the room temperature. 

On artificial media this germ grows luxuriantly. It is 
seemingly indifferent to the salt content of the substratum 
upon which it develops. In gelatin, two days growth is 
marked as follows: a very shallow pit spreads out over surface, 
the bottom of which is covered with a grayish growth that 
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has the peculiar luster so characteristic of the freshly broken 
surface of limestone. From the base of this shallow depres- 
sion fine filaments radiate for a short distance into the gelatin. 
Growth along needle track is barely visible, thus showing 
the aerobic nature of this germ. In three days, this super- 
ficial growth spreads slowly to the sides of the tube and the 
gelatin is slowly peptonized in horizontal layers, the liquefied 
material being filled with cloudy masses. An imperfect film 
that is easily ruptured is often to be observed on surface of 
culture. 

On agar, growth is copious but not especially character- 
istic. The surface of the medium is covered with a dense 
white covering smooth in character. 

On potato it also thrives luxuriantly as a thick grayish 
white coating covering nearly whole surface of potato. 
Surface of growth is dull and mealy in texture. 


Conclusions. 


It may be well to summarize briefly the results that have 
been reached in the foregoing pages in the following general 
conclusions: 

1. Bacteria are present in the oceanic waters, both of the 
high seas and in litoral regions, although they are not so 
abundant as they are in fresh water masses. 

2. While the bacterial flora of the sea bottom in the region 
investigated this year is not near so great, from a numerical 
standpoint, as that in the neighborhood of Naples, yet the 
accuracy of the general conclusions drawn from the Mediter- 
ranean work in regard to the slime bacteria is strengthened 
by the present season’s work. 

Bacteria exist in the mud of the ocean bottom in large 
numbers, and their presence there is not due merely to the 
effect of gravity but to the growth and reproduction of indi- 
genous slime species. Forms that are prevalent in the water 
masses above are also found in the mud layers in a vegetating 
as well as in a latent stage of development. 

3. Disregarding the influence of introduced forms from the 
land, which is in this case very slight, the indigenous marine 
flora of both water and sea floor is largely comprised within 
the limits of relatively few species. 

These may often be distributed over more than localized 
areas, and in some instances come to be cosmopolitan in their 
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range. Not only is their geographical distribution often ex- 
tensive but the vertical range of the various forms exceeds 
that of the majority of the higher forms of life. 

4. While no pathogenic property was noted in any of the 
forms isolated, other physiological characters, as the forma- 
tion of soluble enzymes and the ability to reduce nitrate salts, 
were conspicuous characteristics of the more prevalent forms. 

University of Wisconsin. 

EXPLANATION OF PLATE XXXVI.—Figures of bacteria in cultures drawn with 


a Zeiss microscope, tube length 160™™, no. 6 compensating ocular and ;'5 hom- 
ogeneous oil immersion. 

Fig. 1. A. Bacillus limicola, gelatin culture 5 days old. 

Fig. 1. #2. a, Short type of cells from agar culture; 4, lanceolate type from 
old agar culture; ¢, normal bacillus type from agar culture, 3 days old. 
Fig. 2. . Bacillus pelagicus, culture in gelatin. 


A 
Fig. B. Spore bearing bacilli from gelatin culture, two weeks old. 
Fig. 3. A. Bacillus maritimus, gelatin culture, 2 days old. 
Fig. 3. #&. Single cells from potato culture, 2 days old. 
Fig. 4. A. Bacillus litorosus, 3 days growth in gelatin. 
Fig. 4. &. Cells from young gelatin culture. 


Studies in the biology of the Uredineax. I. 
Notes on germination. 
M. A. CARLETON. 
WITH PLATES XXXVII-XXXIX. 


Within the last eighteen months I have made about four hun- 
dred cultures of uredineal spores, in various media, at various 
seasons, in order (1) to determineas many facts as possible con- 
cerning their biology on the one hand, and on the other hand, 
by observing the various effects of different chemicals upon 
their germination, (2) to obtain a working basis for the pre- 
paration of fungicides for the prevention of the attacks of 
certain economic species. A great part of the work, partic- 
ularly that of most economic importance, has already been re- 
ported.’ What I shall present here, are some results and sug- 
gestions of a more technical nature. 

Nearly all the cultures made were of the ordinary drop cul- 
ture style, prepared by depending a drop of the employed 
medium, in which the spores were immersed, from the lower 
surface of a cover-glass placed over an n ordinary glass cell 
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made by glueing a glass ring toa slide. The bottom of the 
cell had previously been moistened with water, so that a min- 
iature damp chamber was thus formed. In order to more 
certainly guard against drying, the further precaution was 
observed, of placing the cultures themselves in a large damp 
chamber. Occasionally, simple watch glass cultures were 
prepared, but these were seldom found to be useful, on ac- 
count of their great liability to contamination. 


1. Effects of different chemicals upon germination. 


In carrying on the experiments in this line, one or more 
check cultures in water were always included in every series 
of cultures prepared at any onetime. The results of the cul- 
tures in the various solutions were compared with those of the 
water cultures, and in every series where germination failed, 
both in water and in the other solutions, the whole experiment 
was discarded, ofcourse. The uredospores of grain rusts were 
used in most of the experiments, particularly the uredo of 
Puccinia coronata Corda, since that species was the most 
abundant for the longest period in 1892, when the majority 
of these experiments were performed. In the following tables 
I give the names of those solutions only which show the most 
striking results, either favorable or unfavorable. The tables 
represent only a small proportion of the cultures actually made. 
The numbers in the column ‘‘strength” give the number of 
parts, by weight, of the commercially prepared chemicals to 
10,000 parts of distilled water, in which they were dissolved. 
The first table shows results obtained with uredospores of 
Puccinia Rubigo-vera (DC.) Wint.: 
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Biology of the Uredinee. 


MEp1um. STRENGTH. RESULTS. 
21 Ferrous sulphate, 10 Not very good. 
21 Potassium sulphide, 10 Fairly good. 
21 Copper sulphate, 10 Failure. 
18 Hydrogen peroxide, (0.3 per 10 Better than in water. 
cent. sol.), 
18 Potassium sulphide, 10 Not very good. 
18 Copper sulphate, 10 Three spores germinated, 
18 Copper nitrate, 10 Five spores germinated. 
18 Potassium chromate, 10 Failure. 
48 Atropine, 100 Failure, 
48 Aloin, 100 Failure. 
48 Aloin, 10 Not very good. 
48 Cocaine, 100 Failure. 
29 Broth of wheat leaves, Success—long germ tubes. 
29 Neutralized urine, Only a few spores germinate— 
long germ tubes. 
29 Non-neutralized urine, Very few spores germinated. 
29 Milk, Success. 


44 Wheat leaf broth, 
44 Beef broth, 


Success. 
Success. 


The next table shows results obtained with uredospores of 


Puccinia graminis Pers. 


a 
MEDIvuM. STRENGTH, RESULTS. 
* Copper sulphate, 10 Poor, but not an entire failure. 
7 Hydrogen peroxide (0. 3 per 10 Good. 
cent. sol.), 
7 Potassium sulphide, 10 Good. 
42 Hydrogen peroxide (0. 3 per 10 Failure. 
cent. sol.), 
48 Aloin, Io Success. 
48 Chloral hydrate, 10 Failure. 
48 Atropine, 10 Failure. 
67 Potassium bi-chromate, I Not many spores germinated. 
67 Salt, 10 Success, 
67 Cinnamon decoction, 71.4 Very few spores germinated. 
48 Camphor (commercial solu- 100 Success. 
tion), 
48 ‘Tannic acid, 10 Failure: swells the germ pores. 
48 Salicylic acid, 100 Failure: decolorizes the spores. 
48 Morphine, 100 Failure. 
48 Morphine, 1o Failure. 
48 Chloroform, 10 Failure. 


In the following table, including the most extensive ex- 
periments of all, are shown the results obtained with uredo- 
spores of Puccinia coronata Corda. 
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MEDium. STRENGTH. RESULTS. 

22 Potassium chromate. Io Partial failure; a few spores ger- 
minated. 

22 Copper sulphate. 10 A few spores germinated. 

24 Copper nitrate. 10 Very few spores germinated. 

22 Copper acetate. 100 Total failure; decolorizes, then 
discolorizes the spores. 

22 Lead acetate. 10 Total failure. 

22 Ferric chloride. 10 Failure; colors spores green. 

22 Potassium permanganate. 10 Success. 

23 Corrosive sublimate. I Failure. 

23 Potassium bi-chromate. 10 Failure; contracts and shrivels 
spores. 

24 Hydrogen peroxide (0.3 per 10 Success; very free germination. 

cent. sol.). 

24 Potassium sulphide. 10 Success; better than in water. 

27 Ammonium sulpho-cyanide. 10 Success; very free germination. 

27 Chrome alum. 10 Success; very free germination. 

27 Potassium chromate. 10 Three spores germinated. 

24 Copper chloride 10 Failure; decolorizes spores. 

24 Potassium sulphide. 10 Success. 

24 Potassium sulphide. 100 Failure. 

24 Lead acetate. 10 Not many spores germinated; 
germ tubes stunted. 

24 Copper acetate. 10 Failure. 

47 Sodium arsenite. 10 Success. 

47 Potassium chromate. 10 A few spores germinated. 

47 Copper nitrate. 10 A few spores germinated. 

48 Ammonium carbonate. 10 Success; very free germination. 

48 Ferric chloride. 10 Very few spores germinated. 

52 Sodium thio-sulphate. 10 Success. 

52 Potassium per-manganate. 10 Success; not very free germina- 
tion, however. 

16 Lead acetate. 10 Very few spores germinated. 

16 Ammonium carbonate. 100 Success; but germination not 
very free. 

16 Magnesium chloride. 10 Success. 

16 Ammonium sulpho-cyanide 10 Success. 

16 Chrome alum. 10 Fairly well. 

16 Sodium thio-sulphate. 100 Success. 

27 Magnesium chloride. 10 A few spofes germinated. 

25 Potassium chromate. 10 Failure. 

25 Sodium thio-sulphate. 100 Success; but germination not 
very free. 

25 Nitric acid. 68 Failure. 

25 Nitric acid. 6.8 Success; very free germination. 

25 Corrosive sublimate. I Failure; decolorizes spores. 

25 Potassium sulphide. 10 Success. 

25 Acetic acid. 10.8 Failure. 

25 Acetic acid. 0.54 | Success. 

18 Sulphuric acid. 10 Failure; decolorizes spores. 

18 Potassium cyanide. I Success; very free germination. 

52 Potassium cyanide. 10 Failure. 
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MEDIUM. STRENGTH. RESULTS. 

19 Potassium bi-chromate. I Fairly well. 

24 Potassium sulphocyanide. 10 Five spores germinated. 

26 Copper acetate. I A few spores germinated. 

26 Copper sulphate. I Very few spores germinated. 

26 Corrosive sublimate. 0.1 A few spores germinated. 

26 Potassium bi-chromate. I Success, but not very free: swells 
out germ pores. 

26 Copper nitrate. 1 Failure. 

26 Lead acetate. I Six spores germinated. 

21 Copper sulphate. I Success, 

21 Potassium chromate. 10 Success. 


Germinations of other species were not sufficiently exten- 
sive to justify tabulation.  Acédium Fraxini Schw. failed 
to germinate in copper sulphate (1:1,000) in twenty-six hours, 
and in potassium bi-chromate (1:1,000) same time, but ger- 
minated successfully in the latter solution with a strength of 
1:100,000, producing peculiar short bulb-like germ tubes, for 
illustration of which, see pl. XXXVH, fig. 6. Quite a num- 
ber of summer spore-forms, including various aecidia and ure- 
dines, germinated more or less freely in weak solutions (five 
to ten per cent.) of sugar and honey. In only one instance 
have I been able to grow the spermatia. The spermatia of 
Uredo Ceoma-nitens Schwein. budded sparingly, on May 31, 
1893, after twenty-four hours in a dilute solution of honey, 
but would not germinate in water. This is in confirmation 
of the results obtained by Cornu? and Plowright. * 

A careful comparison of the results above given, justifies 
certain conclusions of interest and importance. (1) Com- 
pounds containing mercury, copper, iron, lead and chromium 
(where these elements are in sufficient proportions), and strong 
acids, are ¢ximical to the growth of Uredinee. (2) Com- 
pounds containing oxygen, sodium, potassium, magnesium, 
sulphur and probably carbon and ammonium, in great pro- 
portions, are favorable to the growth of Uredinez. (3) Alk- 
aloids are injurious to the growth of Uredineew. The com- 
pound radical cyanogen, might properly come under group 
(1), for, although the sulpho-cyanides of ammonium and _ po- 
tassium are not unfavorable, such fact may be explained by 


*Bull. de la Soc. de Bot. de France xxur (1876), 120-121. 
*British Uredinez and Ustilaginee, 14-16. 
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the presence of the favorable element sulphur, not present in 
potassium cyanide. Again, while bi-chromate of potassium 
is extremely injurious, chrome alum is rather favorable, which 
may be explained by the fact of there being such a small pro- 
portion of chromium in the latter compound, compared with 
its amount in the former. The effect of the element nitrogen 
is hardly determined by these experiments, but the majority 
of the facts seem to point to its being injurious, since its pres- 
ence in alkaloids makes the only difference, as far as mere 
composition is concerned, between these compounds, which 
are injurious, and the carbohydrates which are favorable; and 
since it is the greater constituent, by weight, in the unfavor- 
able radical, cyanogen. The correctness of this idea would 
tend to overthrow the opinion, often expressed, that an ex- 
cess of nitrogenous compounds in soils is favorable to the 
growth of rust. Another conclusion to be derived from the 
results of these experiments, is (4) that potassium sulphide 
and sodium hyposulphite, common fungicides, are likely to 
be entirely useless for the prevention of rusts, since the 
spores grow readily in solutions of these compounds, even 
with the latter in a solution of 1:100. 

Dr. E. Wiithrich,* the only one, as far as I know, who has 
experimented in this same line, has had results very similar 
to my own, in so far as he has reported them. In his experi- 
ments with uredospores of Pucctnia graminis Pers., germin- 
ation took place in a solut'ca of potassium nitrate of fifty per 
cent. strength. I did not use this salt at all, but it will be 
noted that it contains the favorable element, potassium, that 
I have already mentioned. Onthe other hand, he has not 
reported the employment of potassium bi-chromate, one of the 
salts having the most injurious effect upon germination in my 
own experiments. But where we have used the same com- 
pounds, the results have been practically the same. 


2. Vitality and vigor of the summer spore-forms. 


Uredospores and zcidiospores have much greater powers 
of endurance than have usually been ascribed to them. Wiith- 
rich, in his article above cited, makes the following statement 
with respect to the resistance of uredospores of Puccinia gra- 


4Ueber die Einwirkung von Metallsalzen und Sduren auf die Keimfahigkeit 
der Sporen einiger der verbreitesten parasitischen Pilze unserer Kulturpflanzen. 
Zeits. f. Pflanzenkrankheiten 11 (1892). 84-86. 
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minis to the action of various solutions in their germination, 
compared with spores of other fungi, with which he also ex- 
perimented: ‘‘The spores of various fungi show unlike powers 
of resistance against solutions of metal-salts and acids. The 
conidia of Peronospora viticola prove to be the most suscep- 
tible of the forms investigated. Then, following these, in the 
order of decreasing sensibility, are the conidia of Phytophthora 
infestans, wcidiospores of Puccinia gramints, conidia of Cla- 
viceps purpurea, spores of Ustilago Carbo, and uredospores of 
Puccinia graminis.”® According to this statement, uredo- 
spores have, comparatively, great powers of resistance to vari- 
ous solutions, and there is the further fact that zcidiospores 
are much less resistant than uredospores, both of which facts 
are further established by my experiments, so far as I have 
gone. 

They are also similarly resistant to extremes of cold. It 
was already well known that the mycelium of Puccinia Ru- 
bigo-vera can pass the winter without injury, in the tissues 
of its host. Experiments at this station have further proved 
that even the wredospores are preserved during the winter 
months, and may be taken from the field in axy month of the 
year and easily germinated.? 

A plant of Carex (vulpinoidea’) bearing both uredospores 
and teleutospores of Puccinia Caricis (Schum.) Rebent. was 
transplanted to the green-house from out doors in December, 
1892, and uredospores, taken from this plant in January fol- 
lowing, readily germinated, producing germ tubes of rather 
peculiar form—wide, and often branching (pl. XXXVIII, fig. 
11). Germination would probably have taken place at the 
time of transplanting, but was not attempted. M&ctdium tuber- 
culatum Ell. & Kell. is still producing zcidiospores on Ca/- 
lirrhoe involucrata, out doors, here at Manhattan, at the time 
of this writing (October 15th), and Mr. E. Bartholomew, of 
Rooks co., Kan., tells me that he has seen in December 
zcidiospores on specimens of this host growing close by a 
large snowdrift. In the spring, zcidiospores of this species 
begin forming about the first day of April. AEcidiospores of 
Aicidium Pentstemonts Schwein., and uredospores of Uromy- 


®1. c. translated from p. 93. 

®See Sorauer, Handbuch der Pflanzenkrankheiten, ed. 2. 1. 216; and Bol- 
ley, Bull. Agric. Exp. Sta. Ind. 26, 13 and 19. 

7See Bull. Kan. Agr. Exp. Sta. 78, 11, for full discussion of this matter. 
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ces Zygadent Pk. and Pucctnta Hieracet (Schum.) Mart. begin 
forming also about April Ist. 

It is not always necessary that the summer spore-forms 
should be fresh in order to germinate readily, although fresh 
spores usually germinate best. Spores of 4icidium pustula- 
tum Curt. and Uredo Caeoma-nitens Schwein. collected at 
Lawrence, Kan., May 19, 1892, and placed in drop cultures 
at this station the next day, germinated freely in 31 hours, 
producing vigorous germ tubes. I have often germinated 
uredospores, after they had lain in the collecting can one or 
even twodays. Prof. B. T. Galloway, * several years ago called 
attention to the great scarcity of ash rust, 4ictdtum Fraxini 
Schwein., in 1888, and to the fact that various attempts, by 
the Division of Vegetable Pathology, to germinate it in dif- 
ferent media, were only partially successful at that time. 
At the same time he suggested the question whether the rust 
might not germinate more readily in seasons of great abun- 
dance. As bearing upon this question, it may be of interest 
to say that in the summer of 1892 the rust was extremely 
abundant here, particularly on young trees, attacking the 
twigs as well as the leaves and sometimes entirely destroying 
large portions of the branches for a distance of two feet or 
more. At the same time, the spores were easily and repeat- 
edly germinated in ordinary watch glass cultures, although it 
had been difficult for me to germinate them at other times. 
I think I have observed the same fact with respect to other 
species. 

As to the length and rapidity of growth of germ tubes, 
there is great variation among the different species. Those 
of the uredospores of Pucctnia Rubigo-vera represent about the 
average length, so far as my observations have extended. 
Those of Puccinta Hieracet are a little longer than the aver- 
age. (See pl. XXXvilIl, fig. 14.) Those of Puccinia gramt- 
nis, and of various rusts on grasses, are much longer. The 
one figured in pl. XXXVIII, fig. 12, has a length of 1.075", 
and is but little, if any, longer than the average for that par- 
ticular culture, of seventy-two hours. Uredospores of Puc- 
cinta Sorghi Schwein. sometimes show no indication of ger- 
mination during the first day, but finally, at the end of forty- 
eight hours, produce germ tubes of very fair length. Other 
species seem to produce their entire growth in twenty-four 


®Journ. Mycol. v (1889). 95. 
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hours. Germination in the same species will vary greatly, 
according to the conditions. Fig.8, pl. XXxXvlI, shows the 
progress that various spores have made at the end of four 
hours. On January 25, 1892, uredospores of Puccinia Rubigo- 
vera, taken from outdoor plants, germinated in ¢cvo hours in 
warm water, producing germ tubes 504 long. In this case 
germination could actually be seen going on. The germ pores 
began swelling almost immediately on being placed in the 
water. 
3. A new method of producing sporidiola. 

In the course of my experiments with the germination of 
teleutospores, [have observed a new process in the formation 
of sporidiola® not hitherto mentioned so far as I know. !° 

In the ordinary process it is well known that the sporidiola 
are stalked, or attached to pedicels of peculiar shapes— 
usually very much narrowed at the point of attachment. 
These are well illustrated in pl. XXXVIII, fig. 15 and pl. XXXIX, 
fig. 16. The pedicels may arise from various points for some dis- 
tance along the promycelium, or they may be almost in 
clusters, originating from points rather close together. The 
process that I shall describe is very different, and is as fol- 
lows: At first the promycelium presents the ordinary appear- 
ance, but presently there is an evident disposition in the ter- 
minal portion to separate into well-marked divisions. The 
protoplasm concentrates in these divisions; constrictions form 
between them; the divisions, at first much longer in the di- 
rection of the promycelium, become shorter and wider, then 
rounded, and finally, separate from the remaining portion of 
the promycelium, as free spherical bodies, by the ordinary 
process of acrogenous abjunction. A half dozen or more may 
be produced in succession from the same promycelium. Of 
course those nearest the end are the oldest, and may be in 
the process of separation while those farthest back are just be- 
ginning to form. 

We have in this process a production of catenulate spori- 
diola, in contradistinction to the pedicelled sporidiola hitherto 
observed. I have observed this process in three species, Puc- 
cinta Grindeli@ Pk., P. variolans Hark. (so-called) on Afplo- 


®I use this term, 1n preference to ‘‘sporidia,"’ in order to avoid confusion with 
the sporidia of ascomycetes and other groups. Itis suggested by Saccardo, 
in ‘‘Rathschlige fiir die Phytographen insbesondere die Kryptogamisten;"' 
Hedwigia xxx. (1891). 56-59, and used by De Toni in Sacc. Syll. vi. 528. 
10Lagerheim fossi/y refers to it (Jour. Mycol. vit. 46-47), but he observed 
only Lepro-urEDINE&, in which I no not find this process. 
34—Vol. XVIII. --No. 12. 


456 The Botanical Gazette. [December, 


pappus spinulosus, and in the mesospores of P. Sporoboli 
Arth. This process of germination may prove to be of im- 
portance in classification, and help to clear up the existing 
confusion regarding some of our western so-called LEPTO-PUC- 
CINIZ on composites. I am not yet prepared, nor have I the 
space in this article, to make any statements, on this basis, 
concerning the systematic position of such species. 

In two other cases, those of Puccinia Malvastri Pk. and 
the Puccinia of Lygodesmia juncea, the indications were that 
catenulate sporidiola would be formed, but germination 
ceased before reaching that stage. The germination of Puc- 
cinia Sporoboli was the most remarkable. In this case, not a 
single two-celled spore germinated while the mesospores ger- 
minated profusely, uniformly producing catenulate sporidiola. 

All these species, except Puccinia Sporoboli, were collected 
in October, 1892, and germinated after being kept in paper 
pockets till April, 1893. It may be said that this fact may 
have had something to do with the peculiar germination of 
these species, and possibly it did, but Puccinia Phragmitis 
(Schum.) Korn. and Puccinia Redfieldie Tracy were collected 
at the same time, and after passing through the same treat- 
ment, germinated in April, also, but with the production of 
the ordinary pedicelled sporidiola; besides, Puccinia Sporoboli 
was taken from fresh out-door material. 

I have constantly had much aid from Prof. A. S. Hitch- 
cock, in the course of 1.y investigations, particularly in the 
selection and preparation of the various solutions used in ger- 
mination. 

Kansas Experiment Station, Manhattan. 


EXPLANATION OF PLATES XXXVII—XXXIX. 

Fig. 1. Germination of uredospores of Puccinia coronata Corda, in ammonium 
carbonate (1:1000), after 48 hrs. X 247. 

Fig. 2. Condition of the same, in potassium bi-chromate (1:1099), after 23 
hrs. X 333. Spores much contracted and shrivelled. 

Fig. 3. Germination of uredospores of Puccinia Rubigo-vera (DC.) Wint. in 
sodium chloride (1:1000), after 21 hrs. X 247. 

Fig. 4. Germination of uredospores of Puccinia coronata, in sodium thiosul- 
phate (1:1000), after 52 hrs. X 333. Germination vigorous. 

Fig. 5. Germination of 4ctdium Fraxini Schwein., in watch-glass water 
culture, after 3 days, June 15, 1892. X 333. 

Fig. 6. Germination of the same, in potassium bi-chromate (1:109,099), 
after 28 hrs. X 333. 

Fig. 7. Condition of uredospores of Puccinia coronata in lead acetate (1:1000), 
after 22 hrs. X 333. 

Fig. 8. Germination of uredospores of Puccinia Rubigo-vera, in water, after 
4 hrs. X 200. Shows the various stages in germination. 
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Fig. 9. Germination of the same, in water, after 44 hrs. Jan. 21, 1893. X 
200. Spores taken from volunteer wheat, out doors. 

Fig. 10. Spores taken from dead leaves of volunteer wheat, out doors, Feb. 
25, 1893. Seem to have germinated on the wheat, and further growth checked 
by the cold. X 247. 

Fig. 11. Germination of uredospores of Puccinia Caricis (Schum.). Rebent. in 
neutralized urine, after 50 hrs. Jan. 1893, X 333. Spores from green-house 
plant, transplanted from out doors Dec. 1892. 

Fig. 12. Germination of uredospores of Puccinia graminis Pers. in water, 
after 72 hrs. Germtube measures 1.075m™m. x 247. 

Fig. 13. Germination of Uredo Ceoma-nitens Schwein. in water, after 31 
hrs. Put in drop culture next day after collection, May 19, 1892. X 333. 

Fig. 14. Germination of uredospores of Puccinia Hieracet (Schum.) Mart. in 
water, after 24 hrs. Apr. 30, 1892. X 167. 

Fig. 15. Germination of teleutospores of Puccinia Redfieldie Tracy, in water, 
after 46 hrs April 29, 1893, collected Oct. 1892. X 247. One mesospore is 
shown to be germinating. 

Fig. 16. Germination of teleutospores of Puccinia Phragmitis (Schum.) 
Korn. in water, after 4 days, April 1893, collected Oct. 1892. X 247. 

Fig. 17. Germination of teleutospores of Uromyces Polygoni (Pers.) Fuckel. 
in water, after 46 hrs. April 29, 1893, collected Oct. 1892. X 247. 

Fig. 18. Germination of teleutospores of Uromyces Sporoboli Ell. & Ev. in 
water, after 48 hrs. Apr. 17, 1893. X 333. 

Fig 19. Germination of teleutospores of Puccinia Sporoboli Arth. in water, 
after 48 hrs. Apr. 17, 1893. a, spocidiola. X 247. Only the mesospores germi- 
nated, producing catenulate sporidiola. 

Fig. 20. Germination of teleutospores of Puccinia Grindelie Pk. in water, 
after 20 hrs Apr. 24, 1893, collected Oct. 1892. Producing catenulate spori- 
diola. a. sporidiola. X 247. 

Fig. 21. Germination of teleutospores of Puccinia vartolans Hark.? of 
Aplopappus spinulosus, in water, after 19 hrs., producing catenulate sporidiola. 
a, terminal portions of promycelia, isolated, showing sporidiola in the process 
of abstricting. aa, sporidiola free. X 247. 


Botanical notes from Bainbridge, Georgia. I. 
AUGUST F. FOERSTE. 
WITH PLATE XL, 
Rootstocks penetrating the ground vertically. 


Every one knows how roots penetrate the ground. The minute 
terminal rootlets find their way along crevices between the par- 
ticles forming the earth, and the increasing bulk of the root 
pushes these particles aside. It is different with a rootstock. 
Its existence on germination begins near the surface of the 
ground and if it penetrates the ground vertically it must pen- 
etrate it backwards. 

Where plants grow in marshy soil, as in the case of Symplo- 
carpus foetidus, this is readily understood, but when the 
ground is more compact it is quite another matter. It must 
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especially be observed that the older the plant, the deeper 
the base of the rootstock will penetrate, and the broader it 
will become as a rule and hence the greater will be the direct 
resistance to be overcome. In many cases amore or less de- 
finite portion of the base of the rootstock diesevery year. In 
that event the remaining portion of the rootstock must pass 
also through the space left by the decayed part, before it can 
sink its base to a still lower level. 

It is difficult to understand how the broad _ base of a thick 
rootstock such as that of Agave Virginica L., for instance, 
or other still more striking instances, penetrate the hard 
ground. One thing I have noticed is that plants of this de- 
scription usually have good stout vertical roots from year to 
year, and that these begin to wrinkle transversely towards 
the close of the season. Having a very good grip on the 
ground by means of the minor rootlets, the tension they ex- 
ert on the rootstocks by their contraction in length must be 
enormous, but so must also be the resistance of the earth 
below the rootstocks. The only plausible explanation there- 
fore seems to be, that the base of the rootstocks are able to 
force a passage slowly, little by little, when the ground is 
much softened by rains. This is a subject needing more in- 
vestigation than has hitherto been given to it. 

In this connection it was interesting to observe the habits 
of one of the palmetto palms, Saéal Adansonit Guerus. Here 
the rootstock is not drawn into the soil backwards but quite 
the reverse process takes place. In fact the initial narrow 
end of the rootstock is here directed upwards, and the later 
growth is formed along the rootstock deeper in the soil, so 
that a considerable part of the rootstock is pointed directly 
downwards, earthward, increasing in size in the same direc- 
tion. At the lower thickened end, the tip of the rootstock is 
however bent abruptly to one side and then up until the tip 
itself points upwards. Strong roots are attached to the old 
rootstock and strong roots are also sent out at the just de- 
scribed strong bend below. It is evident that this curved 
portion straightens itself out at intervals, the roots drawing 
the successively newer and straightened portions down into 
the soil. In this way the base of the curved portion of the 
rootstock behind the tip is sometimes found at a level of con- 
siderably more than a foot beneath the level of the soil, from 
which level the rootstock must have started. 
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In the oldest plants the straightening out below the tip 
does not keep pace with the development of the axis about 
the tip, or its increase in length, so that the tip beyond this 
curvature is greatly thickened, producing a sort of tuberous 
rootstock. The general effect of this thickened end is that 
of the bowl of a short Dutch pipe, of which the older, longer 
end, tapering towards the initial extremity near the surface 
of the ground, represents part of the pipe-stem. The root- 
stocks of this palmetto may therefore be said to grow indi- 
rectly downwards into the soil, and they are not hauled down 
backwards as a whole, as is the case with so many other ver- 
tical rootstocks. 


Notes on Leguminosae, 


1. Changes in color of flowers.—The genus Tephrosia per- 
mits several interesting though not striking remarks on the 


changes of colors in flowers. 7. spicata T. & G. has pure 
white flowers when fresh, turning purple on fading. 7. am- 


é¢gua Curtis has white flowers, the veins and the midrib of 
the keel, except toward the margins, being colored almost 
russet red. The flowers very soon became tinged light pink 
or rose, and on fading also turn purple. 7. Aispidula 
Pursh. is described as having purple flowers. It is evident 
that the chemical substances giving rise to the purple color 
are present in all these flowers, but they are differentiated at 
different times. In the first species this does not take place 
until the time of fading. Inthe second it has taken place 
in the veins when the flower opens, and soon begins in a 
mild way over the entire surface of the petals. In the last 
species the differentiation of this purple coloring matter has 
been completed before the flower blossoms. 

It may perhaps also be inferred that this purple coloring 
matter (stable only under more vigorous conditions of the 
cells forming the petals) is due to the breaking up of prev- 
iously existing chemical compounds, owing toa sort of process 
to disintegration or decay, since the change towards a purple 
color in the first two species takes place either at the time of 
fading, or at least is, in the second species, strongly accentu- 
ated at that time. The inflorescence consists of peduncled 
racemes, which are terminal. By the development of branches 
from the axils of the last leaf, a sympodial growth ensues, which 
in the case of 7. ambigua may give rise to a number of 
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seemingly axillary peduncled racemes, which in reality, 
however, all terminate as many axes of growth. 

2. Flowers with the lower side turned up. —Such an 
one is Clitorta Mariana L. The peduncle of the one- to 
three-flowered raceme is axillary and bears two minute oppo- 
site bracts at its base. In typical cases the lower flower 
pedicel on this raceme is subtended by three bracts of which 
the lateral ones represent stipules and the central one which 
is tripartite represents the subtending leaf. At the base of 
the pedicel are two opposite bracts equal in size to those last 
mentioned, so that five bracts cluster around its base. At 
the base of the calyx two similar opposite bracts occur, 
which structurally decussate with the lower pair, though ow- 
ing to a twist of the pedicel through ninety degrees the 
last two pairs of bracts lie in the same plane. , 

This twist can easily be followed. Without it, the keel of 
the flower should structurally face laterally; following the gen- 
eral habit of Leguminosz it should face downward, as a mat- 
ter of fact however, and largely owing to the twist of the ped- 
icel, it faces upwards and the flower ts thus turned with the 
lower side up. The upper flower pedicel has, at its base, one 
bract to represent the subtending leaf, or a tripartite bract 
when solitary. Two more bracts, opposite to each other, 
occur at the base of this pedicel, two more occur as usual at 
the base of the calyx, and the intermediate pedicel is again 
twisted. The tip of the axis of the raceme ts aborted and re- 
mains as a minute tip at one side of the base of the last ped- 
icel. 

Owing to the long tubular calyx and the broadly spreading 
habit of the vexillum the flower has a narrowly obovate ap- 
pearance. The wings equal five-sixths the length of the vex- 
illum, and the last two-fifths of the length is free from the keel, 
and is large and spreading. The keel is one-third the length 
of the vexillum. It is composed of two petals which are held 
together by a ridge near the inner margin of one petal with a 
deep groove along its outside and a corresponding infolded 
portion at the inner margin of the other petal, a little mucilag- 
inous substance helping to keep them in place. The wings 
are free except near the middle of the expanded terminal por- 
tion of the side of the keel, where they are strongly pasted to 
the keel by a mucilaginous substance. The whole thus forms a 
case for the stamens and pistil, which is closed below (in a struc- 
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tural sense), and in front, but which above, is open for most of its 
extent, this portion of the case being held together only by the 
walls of the tubular calyx. Near the tip, however, the outer 
sides of the petals of the keel are strongly infolded, overlap, 
and are pasted together by a mucilaginous substance leaving 
only the acute tip free, as a passage for the terminal end of 
the style. 

The stamens are diadelphous, the upper stamens being 
structurally free, though pasted to the inner sides of the 
lower monadelphous portion formed by the other nine stam- 
ens. The base of this tenth stamen is free for one milli- 
meter to permit the escape of the honey formed by the horse- 
shoe shaped gland at the base of the stamens within the tube. 

The upper third of the stamen is also entirely free. The 
tenth stamen is held in position not only by the mucilage, but 
also by the fact that the sides of the slit tube formed by the 
remaining Stamens are ina state of tension and press upon the 
tenth stamen, laterally springing back when loosened. The 
lower side of the flattened style is smooth, the upper side is 
hairy, as is also the stigma, especially along its upper margin. 
When visited by bees only the upper portion of the style ap- 
pears above the tip of the keel, its upper hairy surface pushing 
out the pollen. 

Centrosema Virgintana Benth. is so closely related as to 
have been described as a C/itorta by Willdenow. Its general 
habits are the same. Two bracts are found at the base of 
the peduncle and from the axils of these may arise one or two 
additional peduncles, also with two basal opposite bracts on 
each. All three peduncles have different times of flowering. 
At the base of the pedicels are three bracts representing the 
subtending leaf with its stipules, or an obovate bract with 
three teeth along the quadrangular apex, representing the 
same, or a single simple ovate bract, in which all three ele- 
ments are probably united. The tripartite bracts subtend 
the lower, the rest the upper pedicels. The ¢wo bracts which 
in Clitoria occur at the base of the pedicels, 72 Centrosema are 
united into a single large ovate bract directly over the bract 
at the base of the pedicel. At the base of the calyx are two 
large ovate bracts a little shorter than the teeth of the calyx, 
and if the next lower bract were divided into two as it should 
be morphologically, then the bracts at the base of the calyx 
would decussate with the latter. 
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The pedicels are again twisted, so that the keel is turned 
upwards and the vexillum downwards. The calyx tube is 
5™" long, and its teeth extend 11"" beyond the tube. The 
vexillum is large and orbicular. The wings almost equal the 
keel in size, the latter being about one-half to four-sevenths 
the length of the standard. The wings are appressed to the 
sides of the keel, following its curvature, and are pasted to 
the latter by a mucilaginous substance. The two petals of 
the keel are grown together along their (structuraily) lower, 
inner sides, and, excepting at the base, also along their up- 
per sides, which do not overlap, but meet along their edges. 
Perhaps the microscope might show that they were here held 
together along their thin edge by mucilage, but under an or- 
dinary lens they seem to have actually grown together, 
though so weakly as to permit of separation with any moder- 
ately pointed instrument. At the apex of the keel the petals 
however remain free for a length of 4 or 5"", and through this 
slit both the upper part of the style and the stamens are pro- 
truded when the flower is visited by bees. This being the 
case there is no need of hairs along the flattened style to serve 
as a pollen brush and these are absent. The stigma however 
is hairy, the largest hairs being along the upper margin. 

The upper stamen is free and on dissecting the flower is 
always found distant from the remaining stamens. The latter, 
of which there are nine, have their filaments united so as to 
form a tube, remaining structurally open along the top. Ex- 
cepting at the very base however, and near the apex, the sides of 
this slit are pressed together, being under tension, so that there 
is formed a practically closed tube. The slit can be opened 
by means of any moderately pointed instrument. Perhaps 
the sides are a little grown together or held together by some 
mucilaginous substance. The terminal bud on the axis of the 
flowering raceme seems never to develop though the evidence 
is not so good as in C/itoria. In both Cltorta and Centro- 
sema therefore, the pedicels are twisted and the flowers turned 
with the lower side up, so that the visiting insects, chiefly 
bees, and certain butterflies, receive the pollen on their 
backs, instead of on their sides and the lower part of their 
body, as is the case when ordinary Leguminos@ are visited. 

There is still another papilionaceous plant which arrives at 
the same results, but in a different way. This is Stylosan- 
thes elatior. It has ‘‘flowers of two kinds; one kind perfect 
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but sterile; the other destitute of calyx, corolla, and stamens, 
and fertile.” The fertile flowers consist therefore solely of 
the legume; a leaflet with two adnate stipules subtends the 
same, and a pair of bracts is found at the base. The legume 
has a lateral position. On examining the perfect flowers, 
these and their legume are also seen to have a lateral position, 
so that it is impossible to say whether the fertile flowers al- 
ways were destitute of other floral envelops and organs or not. 

The lateral position of the legume is also the proper posi- 
tion for a pair of leaves belonging to the ovary, directly suc- 
ceeding the bracts. The fertile flowers are the lower ones of 
the short spike. The sterile ones occupy the higher places. 

The corolla is inserted at the summit of the constricted 
portion of the tube. This tube is erect. The standard is 
strongly reflexed so as to occupy a horizontal position. The 
keel rises above its plane, and arches forward over the stand- 
ard. Any insect visiting this flower will therefore receive 
the pollen on its upper side. 

The wings are attached to the keel by two moderately 
curved hooks; of these, the posterior one is situated at the 
base of the expanded portion, and is directed backwards, 
clasping over the inner edge of the free margins of the petals 
of the keel; the other is attached just above to the inner side 
of the wings, and is directed forwards, hooking into a corre- 
sponding deep depression at the base of the expanded portion 
of the keel. The petals of the keel are grown together be- 
low; above they are free, except the portion just behind: the 
apex, where the ¢wo tuner sides are applied to each other 
along a narrow margin, and are pasted together, face to face, 
or are moderately grown together. From the opening left at 
the apex of the keel, the tip of the barren style is usually 
exserted. When visited by insects the anthers are also pushed 
out, and the pollen is left on their heads. How from this 
place it reaches the recurved style of the fertile flowers below, 
except by dropping off, is a mystery. Perhaps the long, 
bristle like hairs on the subtending leaves and bracts serve as 
brushes. But even then it may be remarked that at least the 
earlier legumes seem already fertilized. 

3. Inflorescences.—In the most complex case the peduncles 
of Tephrosia bear clusters of flowers, subtended by a bract. 
The next, a lateral pair of bracts, bear each a flower pedicel, 
without bracts. Immediately above the first bract mentioned 
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is another bract, in whose axil is a flower, without bracts; the 
bract belonging to this set, which should be found just in front 
of the peduncle behind the total inflorescence, is aborted. 
Next follow two lateral bracts above the first pair, each con- 
taining a flower, but in different stages of development. The 
terminal bud of the flowering axis must be either one of 
these two buds or be obsolete. The median plane of the flow- 
ers is vertical. 

In the most complex case, the peduncles of Lespedeza repens 
T. & G., bear three or four alternating bracts, the successive 
ones more or less on opposite sides of the peduncle. Each of 
the bracts subtends an axis whose tip is aborted, but at whose 
base are a pair of lateral bracts, each subtending a flower. 
Consistent with this the apex of the peduncle is likewise aborted. 
Each flower pedicel bears a little below the calyx two bracts, 
and the median plane of the flower is vertical. 

In Rhynchosia tomentosa T. & G., the inflorescences consist 
of short racemes in the axils of the upper leaves or tripartite 
bracts representing the leaves, or they are terminal. Whether 
the apex of these various racemes is aborted or not is un- 
known. The pedicels are subtended by bracts, but do not 
bear any themselves, and the median plane of the flowers is 
vertical. The ordinary plants bear leaves made up of these 
leaflets, but in the variety monophylla there is only one leaf- 
let, though this shows its compound character by a joint near 
the upper end of the petiole, bearing the usual two minute 
scales. 

Cassia obtustfolia L. has axillary racemes, of which the 
"apex is aborted, and the members are confined to two oppo- 
site bracts near the base, subtending flowering pedicels. The 
latter, at their base, show each a small bract towards the 
front, the corresponding bract towards the rear against the 
stem being aborted, though a trace may sometimes be found 
in the form of hairy, horizontal lines. The median plane of 
the flower is vertical. A superposed bud occurs in the axils 
of many of the leaves, otherwise bearing the flowering axis. 

Cassia Chamecrista L. has axillary racemes, which are 
adnate, for a short distance above the axils, to the stem. 
The different flowering pedicels are subtended by bracts, and 
a little below the calyx are two bracts which, however, are dis- 
tant from each other. 

The above descriptions may suffice to show that the struc- 
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ture of the inflorescence of the Leguminose is quite variable. 
The inflorescences may be axillary, terminal, or pseudo-axil- 
lary only, owing to sympodial growth. The peduncles may or 
may not have a pair of opposite bracts at their base. The 
pedicels may have two pairs (of which one is then near the 
calyx), or one pair, or no pair of bracts at all, or two bracts 
may be grown together so as to form only one. The flowers 
may be in a lateral or in a vertical plane. The tip not infre- 
quently can be proved to be aborted, which agrees with the 
general rule that zzflorescences composed of very irregular 
flowers usually do not develop flowers terminating the main 
axes, and when such terminal flowers are developed contrary 
to the rule, these are not infrequently regu/ar in form. 

The reason why this should be so can of course be readily 
understood. In the process of forming irregular flowers out 
of regular ones, the bees and other insects visited chiefly the 
lateral ones which already were in a position to invite ap- 
proach only from one direction. The upper terminal erect 
ones were then neglected and gradually became aborted. 

4. Casting off of tips of branches.—Since the appearance 
of the later article on this subject a large Mimosa tree was 
noticed to have shed all the tips of its leaf branches late in 
May. The casting off of the tips in leguminous trees is quite 
normal. Indeed, it would be interesting to learn if there be 
any trees of that order which do form terminal scaly buds. 
Considering the frequency with which ligneous plants of this 
order shed their terminal leafy buds it may well be ques- 
tioned whether the abortion of the terminal bud of the inflor- 
escences of this family be not in large measure due to a gen- 
eral habit, instead of the special one following the above 
rule, according to which certain plants can be said to have 
no use for regular flowers, and terminal buds are only too apt 
to produce these. In this connection it may be of interest 
to refer to the case of Aptos tuberosa Moench, described by 
the writer some years ago, in which the inflorescence, a com- 
pound panicle, first sheds the tip of the panicle with the at- 
tached racemes, and then sheds the upper flowers of all the 
remaining racemes, leaving the scars thus produced for extra- 
floral honey glands. 

EXPLANATION OF PLATE XL. 


Fig. 1. Centrosema Virginiana, Benth. Flower with the lower side turned up 
asin nature. Fig. 2. Same; side view of the bracts, sepals, wing, and keel. Fig. 
3. Clitoria Mariana L. Flower with the lower side turned up as in nature. 
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Fig. 4. Same; side view of subtending bract-like leaf with its sepals, lower and 
upper bracts, calyx, wing, and a glimpse of the keel. Fig. 5. Sty/osanthes ela- 
tior Swartz. Perfect, but infertile flower, furnishing only the pollen, a side 
view. Fig. 6. Female flower, consisting only of an ovary; the two bracts 


shown below. Fig, 7. @nothera linearis Michx. with aberrant forms of petals. 
Bristol, Florida. 


BRIEFER ARTICLES. 


Bibliography of American botany.—The following circular has re- 
cently been sent to botanists and we desire to aid in giving it the widest 
publicity. See also editorial comment, p. 467. 

“One item recommended by the Committee on Bibliography of 
the Madison Botanical Congress isan author catalogue of current 
works on American botany. To secure this Dr. N. L. Britton, editor 
of the Bulletin of the Torrey Botanical Club, kindly offered to change 
the monthly ‘Index to literature relating to American botany’ to the 
form recommended. 

“Dr. Britton has experimented with details of form and typography 
and also, as planned, has experimented in reprinting the titles on reg- 
ular index cards. He estimates that these cards will number nearly 
1ooo per year and that if the number of subscribers is sufficient, the 
series for 1894 can be supplied for five dollars. 

“The cards will be of extra heavy linen ledger paper, accurately cut 
and the titles will be exact reprints of the matter that appears each 
month in the Bulletin, which will enable subscribers to keep the entire 
series in a single alphabet and to incorporate it with other indexes if 
they wish. 

“This is the first step toward accomplishing the plans recommended 
by the Committee, and it is hoped that it will meet the approval and 
support of American botanists. 

“Dr. Britton has asked the undersigned to take charge of subscrip- 
tions and the monthly distribution of the cards. It is important that 
we know very soon how many copies will be wanted. If you want it, 
kindly say so at once. If you can not subscribe now and think you 
may later. we need to know it. In any case please reply on enclosed 
postal. Samples inclosed.—CAMBRIDGE BoraNIcAL Supp.y Co., Cam- 
bridge, Mass.” 
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EDITORIAL. 


OUR READERS will see by reference to a preceding page that one of 
the recommendations of the Committee on Bibliography which was 
approved by the Madison Botanical Congress is to be carried into ef- 
fect atonce. ‘This is the publication of an author-catalogue of botan- 
ical papers relating to American botany. It has been of great advantage 
to botanists to have for reference the useful index to literature relating 
to American botany, which has been for several years a feature of the 
Bulletin of the Torrey Botanical Club. (We might take this opportu- 
nity, by the way, to express our pleasure that the doubts we possessed 
as to the permanence of this department at its inception have proved 
to be entirely unfounded.) ‘This index is now to be made as com- 
plete as the co-operation of a number of specialists can make make it. 
What is of equal, if not of greater, importance is that the type already 
set up for this monthly index is to be used in printing the entries on 
index cards, and these cards are put on the market therefore at a cost 
far below what it would be if the matter had to be collated and 
printed separately. 

IN THE PRODUCTION of this highly desirable result several factors 
have co-operated. In the first place, the editor who directs, and the 
members of the Torrey Botanical Club who support the Bulletin ought 
toreceive the thanks of botanists. In the second place, even this first 
step would probably not have been taken had it not been for the 
Botanical Congress which briefly discussed the matter of bibliography 
last summer. For this Congress gave opportunity for the expression 
of approval which encouraged the editor of the Au//efin to preserve a 
department which he was tempted to abandon on account of the im- 
mense amount of work it entailed and the desirable space it occupied. 
It also gave occasion for the appointment of a committee on bibliog- 
raphy, in conference with whom Dr. Britton agreed to the typographi- 
cal changes which have made the issuance of these cards possible. 
And finally, it is through the efforts of a member of this committee 
that the distribution and sale of the cards has been arranged with the 
Cambridge Botanical Supply Co. 

The Gazerre desires in every way to promote the success of this 
first venture which is the earnest, we trust, of yet more abundant 
harvests to be reaped through the cordial co-operation of generous- 


souled workers. 


THE WRITER in Zoe, “K. B.,” who writes sneeringly of the botanical 
gatherings of the past summer appears sadly out of harmony with the 
spirit of the times among the botanists. Her envenomed pen stabs 
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chiefly at one, it istrue. A more unscientific and unlovely spectacle it 
would be hard to find, than this disparagement of fifty or sixty other 
botanists because they choose to honor, however slightly, one whom 
she dislikes. Such bitter personalities only awaken compassion and 
stir regret; they are now-a-days unworthy of rejoinder. 


CURRENT LITERATURE. 


A Cuban text-book on botany. 


An interesting phase of development of botanical teaching on this 
side of the Atlantic, is denoted by the recently issued text “Elementos 
de Botanica” part 1, by Dr. Juan Vilaré Diaz, of the University of 
Havana. 

In a lengthy preface, Dr. de la Maza states that the work is called 
out by the want of a text in Spanish, and by the fact that foreign texts 
use, for illustration of plant phenomena, forms with which the Cuban 
student can not become familiar, and are otherwise unsuitable to ac- 
company the courses of lectures in natural history offered in that 
University. Quite naturally he holds that the student can derive 
more practical advantage and general instruction from a study of the 
“forms that live in the beautiful climate of the magnificent Antilles.” 

The author divides the subject into static and dynamic botany. 
The volume just issued is concerned with the first, which it considers 
under the heads of cellulography, anatomy, morphology, embryology. 

The relationship of the cell constituents is clearly outlined, and 
the author extends the text to include brief discussion of phases of 
the behavior and products of protoplasm, which do not usually find a 
place in elementary works. As an instance, under colors are para- 
graphs on pigments, origin and biological significance of colors, illu- 
mination, etiolation, protective colors, preventive colors, sexual colors 
typical colors, and attractive colors. 

Throughout the entire work, forms and their relations are correlated 
with the more general functions of the organs in a manner that is very 
attractive. The economic relations of the plant are everywhere 
touched upon, and the author makes quite an excursion into the “trop- 
isms,” movements and carnivorous action. Under the latter head a 
cut and some interesting matter on the carnivorous action of Pinguic- 
ula, is taken from the U. S. Fish Commission report for 1885. 

It could not be expected that the author of a pioneer text in sucha 
musical language, would deny himself the privilege of introducing 
some new terms into our hazy terminology. He has, however, but 
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sparingly availed himself of the privilege so far, a self-denial it is 
hoped he will be able to sustain in the second part now in preparation, 
on physiology. In the present volume he introduces three terms 
coined by Dr. de la Maza, viz., embriobroma, the albumen of the seed, 
embriobroma nucleogénito, the perisperm of Schleiden, emdriobroma 
saccagénito, the endosperm of Schleiden. 

The breadth of thought, arrangement of matter, free compilation 
and simple direct style of the writer go to make up a text, that can 
but awaken enthusiasm among the students for whom it is intended. 
In conjunction with the high grade of teaching which the author rep- 
resents, it will carry such inspiration, that we may hope soon to see a 
group of earnest workers at the University of Havana, who amid the 
rich flora of this tropical region, may accomplish much, especially in 
the domain of plant ecology. 

The text is largely adapted after van Tieghem, the illustrations are 
from drawings by the author, Sachs, Reinke, and others. The pub- 
lishers have done scant justice in this matter, while the usefulness of 
the book is materially lessened by the absence of a table of contents. 
It is but proper to say, however, that the book has some features that 
could be introduced into American texts to their distinct improve- 
ment.—D. T. MacDoucGat. 


Recreations in botany. 

Our readers will bear us witness that we have cordially welcomed every 
attempt to restate the more recondite matters of botany in such fashion 
as to render them more easily understood and more interesting to 
those who were not botanists. If we have occasion to criticise severely 
some attempts in this direction, it is because they are made without the 
scientific knowledge and literary ability which are the precedent con- 
ditions to successful popularizing of botany. We again express the 
hope that some of our well-trained botanists will devote a little of 
their time and energy to the popular exposition of the science. They 
owe this to their day and generation. ‘The book before us is an at- 
tempt to do a desirable thing, for which the author deserves praise, 
but it is to be regretted that she was so poorly equipped for the task. 
The text of these “recreations in botany”! appeared first as a series of 
articles in Harper's Bazar. It is a pity that some good friend of the 
writer did not advise her to let them die with that ephemeral life, 
rather than permit rejuvenescence in the form of a book. More or 
less pertinent illustrations have been gathered from the storage vaults 


'CREEVEY, CaROLINE A.—Recreations in botany. Small 8vo. pp. x1v+216. 
figs. 61. New York: Harper & Bros. 1893. 
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of the Messrs. Harper, and some decidedly original ones added by the 
author. The latter, and some of the others are crude, ill-drawn, and 
even grotesque caricatures of what is intended, made all the worse 
looking by comparison with the graceful and artistic work of Hamilton 
Gibson and Alfred Parsons. 

The writer is evidently a lover of flowers and familiar with many 
of the flowering plants of the Atlantic region. In chapters relating to 
these she is at her best; but when she turns to physiology or to the 
lower plants, she writes a sorry mixture of fact and fancy. Even her 
facts seem to have been put into a kneading machine and thoroughly 
incorporated; and they are fed out often without the least reference 
to their relations. 

Some of the opening sentences of the book are calculated to give a 
botanist cold shudders. Witness: “The pursuit of botany ought to be 
ranked as an outdoor sport.” “For (and this is one of the points [ 
wish to emphasize) botany is the easiest of all the sciences and can be 
engaged in without a teacher.” Which she has too evidently done. 

The chapter on plant movements furnishes some queer information: 
“The boat-shaped desmids and diatoms jerk themselves over consider- 
able distances. The cilia (hair-like processes) of some mosses move 
about in water. Oscillaria are curious one-celled plants, which, 
under the microscope, look and wriggle like angle-worms.” But it 
is when the cryptogams are reached that the author flounders most 
hopelessly. ‘These plants, she says, “possess this advantage over our 
garden plants, that many of them can be studied in winter.” “In such 
plants the sap does not circulate, but water passes freely though the 
cell walls.” ‘“Azolla looks like a creeping moss or liverwort.” “Being 
small, many of them invisible to the naked eye, they [mosses] do not 
need a fibrous skeleton.” In the scale-mosses “mixed with the spores are 
elaters, called macrospores.” “The scale-mosses under a microscope 
look like lizards or curiously shaped reptiles.” Speaking of the lich- 
ens she says, “the gonidia, a layer of green cells in the thallus, under 
a transparent cover called the hypha, divide each one into two, and 
form new plants. They are parasitic upon the lower layer of the 
thallus.” 

The algz seem to be if possible less understood by the author than 
other groups. Speaking of alge in general, “the spores,” she says, 
“have a tendency to divide into four parts and are called tetraspores. 
They are provided with cilia either in pairs or all around their ball- 
shaped bodies. . . . Each cell seems capable of propagating two 
new plants by division. Another remarkable means of propagation is 


by ‘conjugation’.” “Many alge are edible. The dulse of the Scotch 
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and the tangle of the Swede are made from alge.” “Zygnemas are 
composed of long tubes joined together by short ones, all marked 
with beautiful spirals or crosses, or other regular figures. ‘hey are 
large conferva, and are found in great numbers fifteen thousand feet 
up the Hiroalayas, in the cold springs which rise from the glaciers.” 
“The famous red-snow . . . is acell containing starch and nitro- 
gen: in other words protoplasm. . . . An allied alga is the Pa- 
mella (sic) cruenta, deep red in color, found on stale bread and meat, 
or upon musty walls of houses.” 

We cannot forbear one further quotation, since these are more for 
the delectation of our readers than as a justification of our criticism. 
“The ferment-mould inhabits liquids—wines, ciders, vinegars, and the 
like. ‘The story is told of a man who placed his cask of wine in the 
ceilar to age. Some time afterwards, when he attempted to open the 
cellar-door, it was blocked by great growths of fungus. ‘The cellar 
was Hterally filled with the fungus, which had reveled in the wine 
leaking from the cask. ‘The empty cask was lifted on top of the fun- 
goid growth to the ceiling. This is the famous fungus found in the 
London docks, swinging and waving like gigantic cobwebs.” 

Miss (or is it Mrs.?) Creevey declares, at the end of her book, that 
“the object of the foregoing chapters has been, not a scientific treatise 
on botany, but to show how comparatively simple and easy it is, and 
what a pleasure it is, to know something—a great dea!-—about plants.” 
This naiveté recalls the apt rebuke of an American humorist, “It’s 
better not to kno so menny things than to kno so menny things that 
ain't so.” 

It would have been better for the author (and for the world) if she 
had not been so impressed with the idea that “it is as a recreation, a 
simmer amusement, that the pursuit of botany is earnestly recom- 
mended.” We recommend her to suppress this book and to give her 
undivided attention to botany for a series of years before she again 
ventures to popularize it. 

[t is not so remarkable that ignorance and confusion of ideas should 
exist; it is amazing that they should so frequently get into tvpe. We 
are surprised that the Messrs. Harper would allow such a publication 
to bear their imprint. 


OPEN LETTERS. 


The botanic annual. 

In the October issue of the Gazerre Mr. W. 'T. Swingle presents a 
number of remarks on the idea of having an annual report on Amert- 
ean botanical literature. ‘The outcome of Mr. Swingle’s consideration 
35-—Vol. XVII[—No. 12 
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is that #0 such publication should be made. As I was one who de- 
clared himself willing to work, when the Gazerre had said a great 
deal about the desirability of a work this kind, I shall try to show 
that it is not for my personal pleasure that I did so. When I was 
asked to present my idea in the Gazerrr, and, afterwards, in Madi- 
son brought up the matter again, I thought that the Gazerre had 
laid the foundation, viz., showed reasons for publishing an annual 
or yearly list of botanical publications. From the the last article 
which causes these lines to appear, I understand that Mr. Swingle 
wishes either no annual at all, or one published in German or French. 

The Botanischer Jahresbericht cannot be relieved from the charge of 
neglect. A work of this kind, one of the most expensive periodicals 
ever seen in our line of work, ought to rely upon the books and papers 
which could be bought or otherwise promptly secured, and not only 
upon donations. It should obtain everything published, so that a 
“nicht gesehen” never could be alleged. If the writer undertook to 
compile all the literature on vegetable physiology—as, in fact, he has 

he would be badly off if he indexed only such papers as he could 
conveniently lay his hands on, and presented that as the literature 
“aller Linder.” But it must be admitted that it is extremely difficult 
to get hold of even the titles. 

What we need, are complete bibliographies in our science, and this 
first of all. It is quite true that American publications are difficult to 
obtain in Europe, and here, of course, the booksellers have the re- 
sponsibility, either in the way of not having the means of procuring 
the books, or putting too high prices on them if they have them. 

I always thought that German, English, and French were the three 
main languages of the globe. Mr. Swingle, himself, thinks that ifa 
botanist can not read all of these, he “ought to give up his business.” 
‘Therefore, every botanist ought to be able to read the annual in Eng- 
lish. From this to Japanese is a large gulf; nobody would publish 
such an annual in Japanese, unless joking. But ifit were to be published 
in German, how many English students would be able to read it then? 
Not many. French would give a worse result. 

Two publishers are still willing to take the annual. [ repeat this, 
since it was not believed, asa fach, Such annuals as the one proposed 
are generally well received, when complete. The Weperlortiim annuum 
botan. period. by Bohnensieg and Burck, if it had had good backing, 
would have been more useful than the /aAresbericht is; it contained 
complete lists of references, while Just’s (or rather his successors’) 
work is in many regards incomplete. It would not matter if ten dit 
ferent annuals in the three most important languages of the world 
were published, if those ten volumes gave com//e/e lists of literature 
and objective reviews. Botanists who wish to see, vear by vear, what 
appears in the literature on the subject of their specialty, would more 
gladly go through these ten volumes and_ find everything, than they 
would consult the Jadresbericht alone and find a part of tt. 

I have great regard for Mr. Swingle’s obiéctions, therefore I tried to 
meet all of them. The Gazerre deemed the subject an important 
one, therefore I hope to be pardoned for discussing it at length.-J. 
Curistian Bay, Bacteriologist of the Iowa State Board of Health, Ames, 
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NOTES AND NEWS. 


Dr. OskAR Loew of the University of Munich has been called to 
the University of ‘Tokio as professor of agricultural chemistry. 


Kev. C.F. Maxwecr, of Dublin, Texas, is engaged on drawings of 
the oaks of western ‘Texas which he expects to publish next summer 
after the style of Kelloge’s West American Oaks. 


AD 


‘THE PAPERS AND DISCUSSIONS before the Society for the Promotion 
of Agricultural Science at its Madison meeting occupy the larger part 
of the Aug.-Sept. number of Agricultural Science. 


Dk. GEORG DRAGENDOREF, author of the well knowa work on “Plant 
Analysis,” and professor of pharmacy in the University of Dorpat, 
Kussia, has resigned his position and removed to Bern, Switzerland. 


Pror. Dr. P. SoRAUVER resigned, October first, the directorship of 
the Experiment Station for Vegetable Physiology at Proskau, Ger- 
many, and Dr. Rudolf Aderhold of Geisenheim has been appointed 
his successor. 


Dr. Geo. KE. Srone, who has been studying abroad, especially in 
Prof. Pfeffer’s laboratory at Leipzig, has been appointed assistant pro- 
fesssor of botany in the Massachusetts Agricultural College at Am- 
herst. Tle will give particular attention to physiological botany. 

‘THE OBJECT AND METHODS of seed investigation and the establish- 
ment of seed control stations are carefully and ably treated by Dr. 
Oscar Burchard of Hamburg, Germany, in the “A vpertment Station 
Record (NV, 793-801, 882-900). The article contains very full informa- 
tion, and is well illustrated. 


‘THE SIXTH ANNUAL REPORT (1892-3) of the Scientific Station for 
Brewing in Chicago, shows a remarkably large amount of work accom- 
plished, In the bacteriological department, In charge of Mr. A. 
Lasché, examination was made of 1059 samples of veast, t105 of beer, 
and 280 of water. ‘The results are instructive to others beside those 
engaged inthe brewing industry. 


IN A RECENT NUMBER Of Studies from the biological laboratory of 
Johns Hopkins University (vol. vy Oct. 1893) Dr. J. P. Lotsv presents 
some facts regarding the structure of evpress knees, claiming to have 
found fungous spores present and occasional mycelium, and Mr. B. 
W. Barton deseribes and illustrates the origin and development of the 
stichidia and tetrasporangia in Dasva elegans. 


THE FOLLOWING NEW BOOKS have been announced for early publi- 
eation: “Handbook of systematic botany,” by E. Warming, translated 
from the Swedish by M. C. Potter, from the press of Swan Sonnen- 
schein & Co.; “Practical physiology of plants,” by F. Darwin and FE. 
Acton, from the Cambridge University press: “A  student’s text- 
book on botany,” by Sidney H. Vines, copiously illustrated. 


IN THE ANNUAL report of the Vermont Experiment Station for 1892 
is some interesting matter upon plant diseases, especially of the po- 
tato, oats, apple, cucumber and lettuce, by L. R. Jones. In the simi- 
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lar report of the Wisconsin Station for 1892 is an illustrated article by 
F. H. King on the natural distribution of roots in field soils, contain- 
ing important additions to our knowledge of the rooting habits of 
plants, and articles by E. 5. Goff upon use of fungicides, and the de- 
terioration of the natural vigor ‘of strawberry plants through the con- 
tinued action of spot disease (Ramularia Tulasnei). ‘The latter points 
out a danger to the successful growing of crops that has not yet been 
sufficiently well recognized. 


AMONG RECENT station bulletins are the following having botanical 
interest: “Colorado weeds,” by C. S. Crandall (Colo. no. 23). Beside 
some general observations nine kinds of weeds are described and fig- 
ured; three of the kinds are illustrated both from pen sketches and 
photographs, and it is very noticeable that the former method is 
adapted to show more detail of structure, and the latter to better pre- 
sent the habit of the plant. “Loco and larkspur,” by David O’Brine 
(Colo. no. 25), is an interesting subject,which receives preliminary treat- 
ment from the chemist’s and physiologist’s standpoint, with the tenta- 
tive conclusion that those species of Astragalus and related plants 
called loco ees are not responsible for the loco disease. L. H. 
Pammel and F. C. Stewart (Lowa no. 21), write, the former upon bac- 
teria connected we the dairy, and the latter upon the impurities of 
clover seed. 


Mr. Henry L. Ciarke, of the University of Chicago, in the Amert- 
can Naturalist for September, publishes a paper on “The philosophy 
of flower seasons’, which suggests a very interesting field of research. 
The field is suggested in somewhat shadowy outline, and the illustra- 
tions used are meant to be of the most general kind. After passing 
in review the large groups as represented in the “Manual range”, and 
pointing out their season of blooming, the general deduction is made 
that “from early spring to late autumn there 1s a progression in the 
general character of the flower-groups, from the lower to the higher, 
successive groups succeeding each other in time, parallel groups com- 
ing synchronously.” Various modifying conditions are mentioned, 
such as the necessities of pollination. 


THE Dates of publication of the parts of Torrey & Gray’s “Flora 
of North America” and Hooker & Arnott’s “Botany of Beechey’s 
Voyage” have been published by Mr. B. Davdon Jackson in /owrua’ 
ef Botany (October) as foliows: /Vora of North America, Vol. 1, Past 
1 (pp 1-184), July, 1838; Part 2 (pp. 185-360), October, 1838; Part 3 
(pp. 361-544), June, 1840; Part 4 (pp. 545-698), and Errata, June, 1840 
Botany of Leechey’s Voyage, Part + (pp. 1-48), 1830; Parts 2 and 3 (pp. 
49-144), 1832; Part 4 (pp. 145-192), 1833; Part 5 (pp. 193-240), 1836; 
Part 6 (pp. 241-288), no indication of date; Parts 7 and 8 (pp. 289 
384), 1840; Parts g and 10 (pp. 385-486), 1841. In the case of the 
Botany Beechey the dates are obtained from those of the new genera 
as given in Pfeiffer’s Vomenc/ator ; and hence the date of Part 6, con- 
taining no new genera, is left with no clue. 
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GENERAL INDEX. 


y*,The more important classified entries will be found under the following 


heads: Diseases, floras, Journals, Perse 


nals, Reviews. 


x", Names of synonyms are printed in //a/ics; names of new species in bold 


face; * signifies death. 


A 


A. A. A. S., Madison meeting, 35, 276, 364; pro- | 


ceedings of Section G, 333; proceedings o 
Botanical Club, 342. 

Abolboda brasiliensis, 314. 

Acacia Koa, 19. 

Acanthorhiza aculeata, 40. 

Acer rubrum, embryo-sac of, 375; pollen- 
spores in female flowers of, 377. 

Achenial hairs, of Compositae, 378; types of, 
350. 


Aconitum Noveboracense, 43; character of | 


rogts of, 98, 99; pyrenaicum, 15. 
Acrosporium fructigena, 85. 
Actaea alba, 44; spicata var. rubra, 44. 
Adenocalymna (?) 209. 
Afcidium Fraxini, ; Penstemonis, 453; pus- 
tulatum, 45 itum, 453. 
Aigyphila erhorescens, 7; elata, 7; falcata, 7. 
Aisculus Hippocastanum, flowers of, 107. 
Agave angustissima, 114; fiber producing, 3 323; 
Virginica, 458. 
—— Colleges, American Association 


Agriculintel Experiment Stations of the U.S., 
326. 

Aleurites Moluccana, 19. 

Algae, parasitic, 342. 

Allium Henderson, 237. 

Alnus maritima, 369. 

Ampelopsis, forms of, 344; quinquefolia, 70. 

Anaerobiosis, 33 

Anaesthetics, . of on plant transpira- 
tion, 56. 

Anatomical, characters in roots of Ranuncul- 
aceae as basis for classification, 46; and 
physiological researches, 311. 

Anemone, Caroliniana, 41; Pennsylvanica, 44, 

var. alba, 44; Virginiana, 44. 

Anemonella th: ilictroides, 42, 44, 45. 

Anthracnose of bean, 28. 

Aphelandra Heydeana, 210. 

Apical cell, 8. 

Apios tuberosa, 465. 

Apocynum cannabi1um, 48. 

Apospory in ferns, 79. 

Aquilegia Canadensis, 44, 45. 

Ardisia micrantha, 4; venosa, 205. 

Arenaria alsinoides, var, ovatifolia, 198. 

Arnold Arboretum, 436. 

Arracacia Donnellismithii, 55; Luxeana, 55. 

Asclepias Guatemalensis, 207. 

Ascobolus Costantini, a new slime flux, goo. 

Assimilation, 409. 

Aster, laevis, 381; MacDougali, 301; macro- 
phyllus, 381; Novae-Angliae, 387; oblongi- 
folius, 381; turbinellus, II4. 

Astragalus, atropubescens, 300; strigosus, 
299. 


| Australasian Ass’n for Advancement of Sci- 
| ence, 252. 

| Auxanometer, 348. 

Avena sativa, development of caryopsis, 223. 


B 


| Bacillus limicola, 440; litorosus, 444; mar- 
itimus, 445; pelagicus, 443. 
| Bacteria, 71: bouillon cultures, 414; chromo- 
| genic, 337; depth of occurrence in ocean, 
| 389; distribution of in ocean, 387; entering 
| plant tissue through wounds, 96; exclu- 
| sively in mud, 392, 393;immunity from in 
Lage 398; in salt and fresh water, 387, 
| in mud of sea bottom, 389, 390, 391; 
nt non and physiology of marine, 383, 
411, 439; non-parasitic in vegetable tissue, 
93; number of in ocean water, 356 oceanic 
distribution of species, 411, 415; of ocean, 
effect on nitrate solutions, 413; of ocean, 
experiment on insolation, 414; of sea, gen- 
eral features, 411; of sea near Woods 
Holl, 383; of sea, relation to gaseous envi- 
ronment, 412; of sea, zones of distribution, 
relation to marine waters, 385; parasitic,72; 
pathogenic, 411; relation of to sea floor, 
389; resistance of plants to, 398. 
Bacterium, anthracis, 94, 95: butyricus, 94, 95; 
cholerae gallinarum, 94; diphtheriae, 94, 
95; lactis aerogenes, 94; luteus, 95; megater- 
ium, 94; pathogenic in plant tissues, 95; 
prodigiosus, 95; pyocyaneus, 95; typhosus, 


94. 

Banana family, 437 

Bean disease, 28, 79. 

Beloit College, Science Hall, 78. 

Benthamian series of flowering plants, revi- 
sion of, 332. 

Bibliography, 190, 355, 171;0f American botany, 
279, 337, 466, 467. 

Bidens frondosa, 381. 

Bigelovia nudata, 381. 

Binomials, duplicate 343. 

Biological station at Gull Lake, 280. 

Biology, a course in elementary, 432. 

Bulletin de l’Herbier, new journal, 


Bombus Americanorum as pollinator, 52. 

Botanical, Club, proceedings, 342; Congress, 
proceedings, 350, reasons for, 316; Society, 
347, 349; Charter members, 368. 

Botrychium, prothallium, 345. 

Botrytis, 92. 

Brassica oleracea, 417. 

British fungi, handbook, 21. 

British Museum, department of Botany, 81. 

Bruchia, 344. 

Bulletins of Agr. Exp. Stations, 155, 243, 327, 
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Bumelia, ferox, 4; lelogyna, 4; ‘similis, 4; 
pleistochasia, 4. — 

Burk, Isaac, 195. 

Buxbaumia, sexual organs in, 154. 


Cactus grafts, 290. 

Caesalpinia, 121; brachycarpa, 123; canes- 
cens, 123; caudata, 123; drepanocarpa, 
122; Drummondii,123; falcaria,and vars. 
stricta, densifiura, Kusbyi, Pringlel, 
capitata, 122; fruticosa, 123; gladiata, 
122; Iinmtricata and var. glabra, 123; 
Jamesii, 123; melanosticta, and vars. 
Parryi and Greggii, 123; multijuga, 
123; OXycaurpa, 122; platycarpa, 122; 
Texans, 123; Virguta, 123; viscosa, 123; 
Watsonl, 122. 

Callus, examination of in grafts, 290. 

Calochortus, ciliatus, 238. 

Caltha palustris, 15, 43. 

Caladium esculentum, 19. 

Campbell, vacation in Hawaiian Islands, 19. 

Canna, 151. 

Capparis Heydeana, 197. 

Capsicum, 84. 

Carbohydrates, origin of, 408. 

Carbon dioxide, amount used by plants, 408; 
as food of plants, 404, 405, 407. 

Carnation Society, 155. 

Caryopsis, development of, 212. , 

Cassia, Chamaecrista, 464; obtusifolia, inflor- 
escence of, 464. 

Catalpa speciosa, 325. 

Ceanothus Americanus, 48. 

Cell, its organs, 103; union in grafting, 285. 

Centaurea Cyanus, 382. 

Centrifugal apparatus, 344. 

Centrosema Virginiana, 461, 465. 

Cephalurus 341. 

Cercospora Ribis, 27. 

Cereus senilis, slow growth of, 151. 

Chaetomium, 91. 

Chara compressa, 141; Stantonl, 141. 

Characeae, two monographs of, 113. 

Champia parvula, 79. 

Check-list, rules for, 343; of Gray’s Manual, 
279; usage, 346. 

Cibotium, 21. 

Cimicifuga racemosa, 44. 

Citromyces Pfefferianus, 327: glaber, 327. 

Citrus aurantium, 417; vulgaris, 417. 

Classification, 367; evolution and, 329. 

Claviceps purpurea, 453. 

Clematis verticillaris, 44; Virginiana, 44. 

Clidemia cymifera, 203. 

Clitoria Mariana, 460, 465. 

Collecting in vacation, 395. 

Colocasia antiquorum, 19. 

Coloptera in pollination, 51, 267. 

Colors of flowers and foliage, 340. 

Columbian national flower, 152. 

Comandra umbellata, pollination of, 50, 51. 

Comatricha caerpitosa, 186. 

Compass plants, literature of, 152. 

Compositae, achenial hairs of, 378. 

Congress, Botanical, 38, 316. 

Coniferae, 10, 33, 281. 

Co-operation in botanical work, 429. 

Coptis trifolia, 42, 44. 

Corallorhiza, 166. 

Coreopsis aristosa, 382. 

Coriandrum sativum, 56. 

Cornell University summer courses in, 244. 

Cornus paniculata, 48. 


42; in roots of Ranunculaceae, 41, 42, 

46, 47. 

Cosmos, 28. 

Cotton root rot, 16. 

Cuban text book on botany, 468. 

Cucurbitaceae, 12. 

Cultures, of cotton root rot, 16; of fungus 
spores, 88, 447; methods in study of fungi 
401,;0forganism causing leguminous tuber- 
cles, 160. 

Cunila Mariana as a frost weed, 184, 185. 

Cuphea utriculosa, var. Vonnell-Smithil, 
203. 

Cyanea, 23. 

Cyanophalla cyanophallophora, 197; polyan- 
tha, 197. 

Cycads, 10; of Kew, 39; new, 114. 

Cylindrosporium, 27. 

Cypripedium spectabile, poisonous ? 142. 


D 


“Damping-off fungus, 26. 

Daucns montanus, 56. 

DeCandolle, Alphonse®, 94. 

Dermatogen, 8. 

Desert plants in Egypt, 83. 

Development of the caryopsis, 212. 

Dicranodontium Millspaughii, 76; Virgini- 
cum, 76. 

Dictionary, botanical, 32. 

Dictyanthus ceratopetalus, 203; parviflorus, 
208; reticulatus, 208. 

Digestion in plants, 409. 

Dionaea muscipula, 105. 

Diptera in pollination, 50, 51, 267. 

Diseases, 398; Bean, 28, 79; citrus fruits, 342; 
cotton, 16, 26; cucurbits, 339; potato, 27; 
prevalence of root, 345; prevention, 27; pri- 
vet, 153; quince, 25; rutabaga, 27; sclero- 
tium, 342. 

Distribution—condition affecting, 341. 

Dittany, frost freaks of, 183. 

Dodecatheon crenatum, 3or. 

Dolichos Sinensis, 159. 

Draparnaldia, zoospores of, 294. 

Drosera Anglica, 401; rotundifolia, 105; longi- 
folia, 105. 

Dyes used for color experiments in anzsthet- 
izing plants, 62. 

Dysodia papposa, 382. 


E 


Education, National Council, 40. 

Ehretia, Luxtana, 5; Mexicana, 5. 

Ellisia nyctelea, pollination of, 49, 50. 

Elodea Canadensis, root hairs in, 315. 
Embriobroma, 469. 

Embryo-sac, Acer rubrum, 375; Senecio au- 


reus, 245. 

Enantiophylla, 55; Heydeana, 56. 
Endodermis, 43, 44. 

Endosperm of Senecio aureus, 252. 
Entomosporium maculatum, 25. 
Equisetum limosum, 316; tubers of, 138. 
Eryngium Carlinae, 

Erythea, new journal, 39. 
Erythronium, variation in species, 134. 
Malaccensis, 19. 

Eulophus peucedanoides, 55. 
Eupatorinm villosum, 380. 

Eustis, Fla., sub-tropical laboratory, 348. 


Evaporation of water from plants, 304. 
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Index. 


Evolution and Classification, 329. 

Exchange, Bureau of, 79. 

Exobasidium, a new form, 348. 

Experiment Stations, botanical work in, 81; 
bulletins, 155, 243, 327, 474. 


F 


Fermentation tube, 338. 


Hawaiian Islands, vacation in, 19. 

Hedysarum flavescens, 3co. 

Helianthemum Canadense, 185. 

Helianthus, annuus, 10; occidentalis, 382. 

Helodiscus argenteus, var. bifrons, 200; dis- 
color, 200. 

Hemiptera in pollination, 267. 

Hepatica, acutiloba, 43; triloba, 43. 

Hepaticae, notable collections of, 112. 

Herbarium, Harvard, 196; National, 356, 


Ferns, the phylogeny of, 106. 

Fertilization of Senecio aureus, 249. 
Fimbristemma calycosa,209; stenosepala, 208. 
Fleshy plants, 282. 

Floras, Africa, 325 (Pteridophytes); Atlantic, 


383 (bacteria); Australia, 281; Canada, 151, | 


243 (parasitic fungi); Costa Rica,433 (Com- 
positae); Denver, 321; Guatemala, 1, 197; 
Mexico, 278; Minnesota, 146, 316; North 
America, 195 (sphagna), 429, 474; Paraguay, 
278; Washington, 237; West Indies, 436. 

Flowers, and insects, 147, 267; of the horse- 
chestnut, 107. 

Food of green plants, 335, 403, 410, 411. 

Forest influences, 434. 

Fossil plants, preparation to show lignified 
parts, 437. 

Frasera Carolinensis, 48. 

Freycinetia, 22. 

Frost in plants, 28, 183, 417. 

Fructification of Juniperus, 369. 

Fuchsia, arborescens, var megalantha, 2; 
experiment with in anaesthetizing 63. 

Fucoideae, anatomy and physiology of, 116. 

Fungi, British hand-book of, 32; exsiccati, 401; 
parasitic, 116. 

Fungus, Pammel’s, 16. 

Fusarium, 15, 26, 


G 


Galax aphylla, 114. 

Gases in living plants, 113. 

Gelatine culture for Monilia spores, 89. 

Geotropism in Euglena, 437. 

Geranium grafts, 289. 

Germination, 

Ghiesbrecht, August B.,* 194. 

Gnetacez, ro. 

Gleichenia dichotoma, 21. 

Gloeosporium, cingulatum, 153; fructigenum, 
26, 153. 

Grafting, the callus in, 290; cell-union in, 245; 
geranium and potato, 289; geranium and 
tomato, 289; hybrid, 111; of monocotyled- 
onous plants, 290; potato and tomato, 287; 
tomato on tomato, 286. 

Gramineae, distribution of, 340; grain of, 212; 
prophylla, 354. 

Growth, secondary changes thro’, 100, 

Guatemalan plants, 1, 197. 

Guettarda macrosperma, 204. 

Gull Lake biological station, 280; notes from, 


315. 
H 


Habenaria blephariglottis, var. holopetala, 
190; ciliaris, 190; fimbriata, new var., 189; 
leucophaea, pollination of, 53: psycodes, 
189. 

Hairs, achenial of Compositae, 378. 

Halictus confusus, 48; as a pollinator, 49, 50. 

Hamamelis Virginiana, 369, 372. 

Hauya elegans, 3; Heydeana 

guezii, 3. 


3; 


Rodrl- 


Hibiscus Moscheutos, 395. 

Hoffmanseggia, all N. Am. species reduced to 
synonyms under Caesalpinia, 123. 

Hoffmannia rotata, 204. 

Hopkins Seaside Laboratory, 243. 

Horse-chestnut, flowers of, 107. 

Hot-springs, vegetation of, 187. 

| Hybrid, graft, 111; oak, 110. 

Hydrastis Canadensis, 44. 

dydrocharis, 11. 

Hydrocotyle, Mexicana, 54; prolifera, 54. 

Hymenomyceteae, list, 281. 

Hymenophyllum, 21. 

Hymenoptera in pollination, 50, 51, 267. 

Hypericum Canadense var. majus, 71. 


| I 


Idaho, botanical work in, So. 

| Ilex, glabra, 395; laevigata, 395: opaca, 395; 
verticillata, 395. 

Index, N. A. Phanerogams and Pteridophy- 
tes, 79; need of current, 190. 

Indiana Academy of Science, 244. 

Inebriants among plants, 81. 

Infection ncedle, 335. 

Inflorescence, of Leguminosae, 463. 

Inoculation, experiments with organism 
causing leguminous tubercles, 162; of 
plant tissue by bacteria, 94, 95. 

Insects and flowers, 47, 267. 

Inseclivorous plants, nutrition of, 105. 

Instruction, botanical, in American Universi- 
ties, 339. 

Introduced plants in arid regions, 435. 

Ipomoea, 22; hederacea, 26. 

Iron, relation of plant to, 311. 

Irregular flowers, inflorescence of, 465. 

| Irritability, 123; latent, 312. 

Isopyrum biternatum, 15; thalictroides, 54. 

| 


| Jaeger collection, 345. 

| Jannicke, Dr. W.*, 243. 

| Jersey or scrub pine, rust affecting, 334. 

| Journals and serial publications: Agric. Sci- 

| ence, 80, 152, 326, 401, 473; Am. Brewer's 
Rev., 81; Am. Chem. Jour., 281; Am. Flor- 
ist, 155; Am. Nat., 39, 115, 243, 437, 474; An- 
nales d. Sci. Nat. 243; Annals Bot. 154,156, 
437; Annals Scottish Nat. Hist. 401; Ber. 
deutsch. bot. Gesell. 153, 326, 327, 328; Bib- 
liotheca Botanica, 115; Bot. Centralbl. 79, 
400, 437, 438; Bot. Jaarboek, 437; Bot. Surv, 
Nebr. 193; Bot. Zeit. 116; Bull. Agric. Exp. 
Sta. (Ala.) 243, (Ariz.) 243, (Colo.) 474, 
(Conn.) 155, 244, (Del.) 155, (Iowa) 474, 
(Kan.) 243, (Mass.) 244. (N. Y.) 75, 153, 1555 
243, 327, (N. D.) 243, (Oh10) 327, (S. D bie?) 
(Tex.) 155, (Vt.) 155, 474, (Va.) 327, (Wis.) 
76, 155, 474; Bull. Boissier, 79, 115, 281; 

Bull, Bot. Dept. Jamaica, 193; Bull. Soc. 
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Linn. Norm. 437; Bull. Torr. Bot. Club, 
142, 154. 193, 284, 324, 438, «66, 467; Canadian 
Record Sci. 243; Compt. Rend. 115, 401; 
Deutsch. bot. Monat. 152: Dodonaea, 437; 
Erythea, 39, 152, 283, 436; Exp. Sta. Rec- 
ord, 155, 473; Flora, 152, 154; Forst.-nat. 
Zeit. 400, 401, 402; Garden and agen 78, 
79, a ee Gardeners’ Chronicle, 39, 
79, 151, 325, 436; Gartenflora, 325 Greviliea, 
281; Hedwigia, 79, 152; Household, 152 

Jen. Zeit. Nat. 438; Jour. Bot. 81, 114, 193, 
437, A474; Jour. Chem. Soc. 283; Jour. de 


Botanique, 79, 115,154; Jour. Mycology, 402; | 


Jour. Quekett Micr. Club, 244; Jour. Roy. | 


Agric. Soc. 283; Jour. Roy. Micr. Soc. 153; 
Just’s Bot. Jahresb. 324, 400, 472; Kew Bull. 
3,430; Meehan’s Monthly, 79,115,118; Micr. 

Bull. 152; Naturae Novitates, 399; Natuer- 
lich. Plauzenfam., 78, 152, 153. 193, 282,437; 
Pflueger’s Archiv., 437; Pringsh. Jahrb. 
116, 323; Proc. A.A.A. 5. 155; Proc. Philad. 
Acad. 152, 195, 244; Proc. Rochester Acad. 
281; Rep. Mo. Bot. Gard. 83; Rev. Bryol. 
80; Science, 40, 80, 81, 115; Zeit. f. wiss. 
Mikr. 438; Zoe, 280, 325, 467. 

Juanulloa sargii, 5. 

Juncus, 13. 

Juniperus, fructification of, 338, 369. 


Karyokinesis, in Spirogyra, 277. 
Kuetzing, Dr. F. T.*, 436. 


Kuhnia eupatorioides, 381. 
Kuntze, Dr. Otto, 351. 


L 


Laboratories, botanical in American colleges, 
339; of plant diseases at Berkeley, 81. 

Leaflets, trauspiration of, 65, 66, 67. 

Legumunosae, 11, 13; color of flowers, 459; in- 
rape of, 465; root-tubercles of, 152 

157, 220, 257. 

Leland Stanford University, Seaside Labora- 
tory, 243. 

Lepidoptera in 267. 

Liatris gracilis, 3 

Lichens of Black “Hills, 336; of Lancaster Co. 
(Pa.), 151. 

Light, relation of, to effect of anaesthetics, 60. 

Liverworts, 21. 

Lobelia cardinalis, 395. 

Lobeliaceae, 2 

Lower California, flora of, 34. 

Luzula, 13 

Lycopersicum esculentum, 58, 59. 

21. 

Lysimachia, nemorum, 47; nummularia, 47; 
quadrifolia, 47; vulgaris, 47, 48. 


M 


Macropis ciliata, 48; labiata, 48; patellata, 48; 
steironematis, 47, 4 

Macrosporium, 27. 

Madison Botanical Congress, 350. 

Mailing, Nat. Hist. spec., 428. 

Mallostoma Shanpvoni, 203. 

Malvaceae, 12. 

Marattia Douglasii, 21; development of, 337. 

Marine biological laboratory, 243, 283. 


Marrubium vulgare, 28. 

Medicago denticulata, 159. 

Megachile brevis, in pollination, 52 

Melia Azederach, 417. 

Melilotus alba, 48. 

—— 8, 41; types of structure, 99; study; 
of, 97. 

Mertensia lanceolata, 302. 

Metabolism, destructive, 408. 

Metrosideros, 19. 

Mexico, new plants, 34. 

Micrampelis echinata, 396. 

Microsphaera, Alm, 71; erineophila, 71. 

Microtome, Reinhold-Giltay, 438. 

Mimulus Lewisii var. exsertus, 302, 

M: ssouri Botanical Gardens, 83. 

Mot! aria, Carolina, 433; diptera, 438; parviflora, 


ideas atmospheric, relation of to influence 
of anaesthetics, 64, 65. 

Monilia, fructigena, 8, 92. 93; peculiar mycel- 
ial %* ores “Of, 99, 91; Peckiana var. angus+ 


tior, 
Mosses, a in hot springs, 189; list of N. 
Am., So. 


Motile organ in Cercis Canadensis, 338. 
Movement of protoplasm, 58. 

Mucor, 138. 

Mulberries, 75. 

Mushrooms, poisonous, 435. 

Myrodia, 1. 

Myxobacter aureus, 29; simplex, 29. 


N 


Names, formation of, 326; popular plant, 420. 

Naples, Zoological station, 284. 

Nebraska, botanical survey, So. 

Nepenthes Mastersi, 105. 

Nepeta cataria, 2 

New Orleans, : gricultural Association, 25. 

New Zealand plants, 40. 

Nicaragua, exploration of, 40. 

Nitella, 113, 

Nitrate solutions, effect of bacteria on, 412. 

Nitrogen, assimilation of, 283. 

Nomenclature, 144; committee on, 153, 336; of 
horticulture, 355; of plant diseases, 351. 

Nyman, Carl F riedrich*, 368, 

Nymphaea lutea, 8. 

Nutrition of insectivorous plants, 105. 


O 


Oak, a hybrid, rro. 

Oedocephalum, 18. 

CEnanthe fistulosa, 48. 

(Enothera linearis, 466, 

Ohio, woody plants of, 345. 

Oidium fructigenum, 85; laxum, 85; Tuckeri, 
yor; Wallrothii, 85. 

Onociea sensibilis, 395. 

Oospora fructigena, 85. 

Ophioglossum, 334; perdulum, 

Opuntia prolifera, 79, 115. 

Orchids, 154. 

Orchis spectabilis, pollination of, 52. 

Ouratea, gigantophyila, 2; olivaeformis, 2; 
podogyua, 2. 

Oxalic acid, protective function of, 438. 

Oxalis, acetosella, 71; clemacodes, 198; pent- 
antha, 199. 

Ozonium, 17, 18. 


{ 
{ 
| | 
| 
| 
| 


General 


Index. 479 


P 


Paeonia officinalis, 15. 

Paleobotany, 115. 

Palm, a new Florida, 348. 

-apilionaceae, 

Parathesis calophylla, 205; micrantha, 4. 

Parthenocissus quinquefolia, 397. 

Passiflora caerulea, 123. 

Penicillium, 18. 

Pentosanes in plants, 281. 

Pentoses in plants, 130, 

Pentstemon, confertus, 302; var. caeruleo-pur- 
302; 302; humilis, 302; 
inearif 1 

Perithecia, of Oidium Tuckeri, 4or. 

Peronospora viticola, 453. 

Peronosporeae, 26. 


12 


Persicaria, 150. | 
Personals, Armstrong, 151; Arthur, 82; Ascher- | 
son, 153; Atkinson, 155; Bailey (I. H.), 155; | 
Bailey, (W. W.), 325; Baillon, 153; Baker, 
151, 153; Batalin, 153; Bay, 79; Bessey, 40; 
Billings, 284; Bolley, 83, 1 Brandis, 368; 
Brannon, $2; Britton, 153; Burchard, 473; 


Bureau, 153; Campbell, 40; Caruel, 153; Cel- 
akovsky, 153; Chester, 155; Clark, 153, 474; 
Coulter (John M.), 40, 82, 153, 282; Coulter 
(Stanley), 82; Coville, 114; Crepin, 153; 
Dalla Torre, 436; Darwin (Francis), 39; De 
Candolle, agar Dragendorff, 473; Durand, 
153; Eastwood, 280; Engler, 153; Fernald, 
116; Fisher, 82: Fries, 153; Gain, 115; Goff, 
3553 Golden, 82; Greene, 152, 153; Heller, 
51; Henriques, 153; Hooker, 39, 153. Hum- 
shoes, 400; Jepson, 39; Jones, 155: Kanitz, 
153; Kerner, 153; Kuntze, 194; Lagerheim, 
* Lange, 153; Lara, 153; Lasche, 51; Loew, 
Macchiati, 325; Malinvaud, 153; Mar- 
tent, 325; Martin, 83; MacDougal, 280; Max 


well, 473; Meehan, 326; Moeller, 436; Mot- 
tier, 82; Mueller, ; Olive r, 280; Pammel, 
80; Pax, 244, 280; Prentiss, 155; Price, 155; 


Radlkofer, 153; Reppert, 80; Rothrock, 115: 
Ryder, 284; Saccardo, 153; Sandberg, 79; 
Schmalhausen, 153; Shimek, 40; Somers, | 
82; Sorauer, 473; Stewart, 80; Stiles, 284; | 
Stone, 473; Sturgis, 155; Suksdorf, 40; Sur- 


ingar, 153; Thomas, 83; Thompson, 40; | 
True, 451: Uline, $2, 282; Underwood, &2; | 
Vasey (Flora), 281; Vasey (Geo.), 401; Vil- | 
morin, 325; Willkomm, 153; Wilson, 284; 
Witter, 80; Wittroc k, 153: Wittmack, 325; 

Personal names for species. 345. 

Petalostemon glandulosus, 299. 

Petunia violace 8, 59. 

Peziza, bolaris, 91; tuberosa, gr. 


Phallogaster saccatus, 117 
Philibertia refracta, 207. 
Phlox Drummondii, 
Phoma Cydoniae, 
Photography in micro-organism cultures, 334. 
Photosyntax, 409, 410. 
Phylactinia suffulta, 
Phyllosiphon, 341. 

Phylogeny of ferns, 106. 


/ 


Physarum sulphureum, 187. 
Physcomitrium, 341. 
Phy posse 79; action at a distance, 196; re- 


parches, 311. 
Phytolacca icosandra, var. octogyna, 210. 
Phytophthora infestans, 27, 453. 
Pinguicula vulgaris, 105. 


Pinus, rigida, 334; Virginiana, 334. 


Pistia, Il, 


Plantago Patagonica var. lanatifolia, 303. 

Plant-press, new, 152. 

Plum, black knot of, 349. 

Polistes metricus, pollination by, 49. 

Pollination, 4, 9, 50, 51, 52, 53: Abutilon avi- 
cennae, 269; F rasera Carolinensis, 48; Ger- 
anium Caroiinianum, 272; Hibiscus lasi- 
ocarpus, 270; Hibiscus Trionum, 271; 
Malva rotundifolia, 268; Melilotus alba, 
273: Oenothera Missouriensis, 345; Oxalis 
violacea, 272; Steironema longifolium, 48; 
Stellaria media, 268. 

Polygonatum, 79. 

Polygonum, 150, 

Polyporus, carnivorous ? 76, 151. 

Popular plant names, 420. 

Portulaceae, rearrangement of, 152. 

Potentilla heterosepala, 2; Donneil-Smitht?, 2. 

Prantl, Dr. Karl,* 152 

Primula sinensis, 58. 59. 

Prophylla of Gramineae, 334. 

Prothallium of Botrychium, 345. 

Protoplasmic movements, experiments on, 58. 

Prunus serotina, 93. 

Puccinia, Agropyri, 79; Californica, 254; Car- 
icis. 453; Clarkii, 255; coronata, 448; Cym- 
opteri, 255; graminis, 449, 452, 453, 4543 
Grindeliae, 455; Hieracei, 454; Interme- 
dia, 254; Malvastri, 456; Phragmitis, 456; 
Polemonii, 255; Redfieldiae, 456; Rubigo- 
vera, 448, 453, 454, 455; rufescens, 253; 
Sorghi, 454; Sporoboli, 456; variolans, 455. 

Pythium DeBaryanum, 26. 


Quercus, alba, 111; macrocarpa, 110; Muhlen- 
bergii, 110; prinoides, 110; Prinus, 111. 
Quince diseases, 25. 


R 


Ranunculaceae, 13, 14, 15, 
Ranunculus, acris, 4 


16; roots of 8, 41, 97. 

2; aquatilis, 43; bulbosus, 
43: circinatus, 43; fascicularis, 43; fluitans, 
15; hispidus, 43; Lapponicus, 299: multifi- 
dus, 43: palustris, 43; Fennsylvanicus, 43; 
recurvatus, 43; repens, 15; sceleratus, 44; 
root characters of, 97, 98; septentrionalis, 
2, 43. 

Ray herbarium, 193. 

References, citation of, 2: 

Researches, anatomical 
103, 138, 311. 

Reviews, A/len'’s ‘“‘Characeae,”’ 113; Adlen’s 
“Check-list,” 279; Barley’s “Queensland 
plants,” 323: Bay's ‘Biblio graphy of tan- 
noids,’’ 241, 279; Bidgood’s “Practical Biol- 
ogy,’ 432: Brandegee 's ‘Additions to flora 
of L..Calif.,” 34: Britton's ‘“‘Lespedeza,”’ 
92; Buchenau's “Flora of E. Frisian 
islands,’’ 193: —_— s “Index of new 
species,” “Recreations in 
botany,” Cre “Dictionary of 
botanical terms,’’ Dana's ‘Wild flow- 
ers,”’ 319: Dean's ‘‘Dionaea,’ 34; Diaz's 
“Cuban botany,’’468: £ astwood’ s‘‘Denver 
flora,’ 321; Engler’s “Classification of 
monocotyledons,”’ 191; Fernow's ‘‘Forest 
influences,” 434: Frank's ‘Lehrbuch der 
Botanik,’ Geddes “Chapters in mod- 
ern botany,’’ 432; Grdson's “Sharp eyes, 
73: Glatfelter’ “‘Venation of Salix.” 434: 
Hitchcock's “Plants of the W. Indies,’’ 149, 
and ‘Woody plants,” 76; Humphrey’s 


and physiological, 
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“Saprolegniaceae,’’241; King’s “Investiga- 
tions of soil moisture,” 76; K/ait's ‘‘Com- 
positae of Costa Rica,’’ 433; Lesquereux's 

“Blora of the Dakota group,’’ 37; Loew's 

“Action of poisons,” 327; MacFarlane's 

“Plart hybrids,” 149; MacMillan’s 
aspermae of the Minn valley,” 146; Mas- 
see's‘ British fungus-flora,’’31, 240: Masters’ 
“Conifers,’’ 33; Mills Deby’s ‘Diato- 
maceae,”’ 433: Millspaugh's s Va, cata- 
logue,”’ 33; Moll’s ‘*Karyokinesis in Spir- 
ogyra,’’ 277: Morong’ s ‘Paraguay plants,’’ 
278; Munson's ‘Secondary effects of 
lination,”’ 147; Mewell’s ‘‘Reader in ot: 
any,’’ 320; JVurdstedt’s ‘“‘Characeae,”’ 113; 
Robertson's ‘‘Flowers and insects,’’ 148; 
Robinson’s “Contributions from Gray 
Herb.,”’ 34, 320; Russell’s ‘Bacteria and 
vegetable tissue,’’ 397; Sachs’ ‘‘Pflanzen- 
Physiologie,’ 239; Smzth’s ‘“Enumeratio 
Plantarum Guatemalensium,’’433: Smith's 
“Peach yellows,’”’ 322; Spalding’s ‘‘High 
school botany,’ 430; Spruce’s ‘‘Hepaticae 
of the Amazons and Andes,’ 112; Stokes’ 
“Analytical Keys,’’ 322; Thaxter’s ‘‘La- 
boulbeniaceae,’’ 321; Trelease’ s “Studies of 
Yucca,’’ 148; Underwood's ‘‘Bibliograph 
of Hepaticae,”’ 322; Warnecke's “‘Lehrbuc 
der Botanik,” 74; Willey’s ‘‘New Bedford 
lichfns,’’ 149 

Rhammus capreaefolia var. 
Frangula, 48. 

Rhizopus nigricans, 26. 

Rhus, glabra, 48; typhina, 48. 

Rhythm, curvatures by, 154. 

Roestelia aurantiaca, 25. 

Root hairs in Elodea Canadensis, 315. 

Roots, of Orchids, 337; of Ranunculaceae, 8, 
41, 97; summary of study, 100, ror. 

Rootstocks, vertical, 457. 

Root-rot of cotton, 16. 

Rubus, adenotrichos, 202; Bogotensis, 202; 
coriifolius, 202; deliciosus, 301; fagifolius, 
202; floribundus, 202; fruticosus, 48; hu- 
mistratus, 202; ‘Liebmannii, 202; pori- 
ophyltus, 202; scandens, 202; Schied- 
eanus, 202; superbus, 201; tiliaefolius, 
202; trilobus var. Guatemalensis, 201; 
Uhdeanus, 202; villosus, 48. 

Rudbeckia pinnata, 381. 

Rutabaga rot, 27. 

S 


Sabal Adansonii, 458. 

Saccharomyces Aquifolia, 139; Ilicis, 139. 

Salix balsamifera, 114. 

Salsola Kali var. tragus, 275. 

Salt-wort and common thistle, 275. 

Sanicula Mexicana, 54. 

Scabiosa atropurpurea, 28. 

Scenedesmus acutus, polymo 

Schizomycetes, a new order o 

Schlegelia, cornuta, 6, 

Schools of Botany, 30. 

Sclerotinia, Fuckeliana, 91; Libertiana, 91; 
tuberosa, Vaccinii, QI, 92. 

Scutellaria lateriflora, 71. 

Seaton, Henry E.,* 194. 

Seeds, effect of unripe, 341; weed, 26. 

Selaginella, 21. 

Senebiera Coronopus, 395. 

Senecio aureus, 245. 

Shedding of branch tips, 465. 

Sjhrinkage of leaves in drying, 340. 

S‘sal hemp, 323. 

Sloanea pentagona, 1. 


discolor, 200; 


hism, 281. 
» 29. 


Snails, protection against, 191. 

Solandi printing, 335. 

Solanum tuberosum, 60, 61, 63, 64. 

Solar light, effect on marine organisms, 415. 

Spananthe paniculata, 54. 

Species, and evolution, 340. 

Sphagna of Labrador, 325. 

Spiranthes, autumnalis, (52; gracilis, 51, 52. 

Spirogyra, karyokinesis i in, 277. 

Sporangia of ferns, comparative study, 33 

Spore, of Monilia’, 88, 89; limitation of the 
term, 130; of Uredineae, 447- 

Sporidioila, a new method of producing, 455- 

Stachys aspera, 71. 

Starch, 283; elaboration of in cells, 407. 

Steironema, ciliatum, 48; lanceolatum, 47; 
longifolium, 48. 

Stigmaphyllon cordatum, 198. 

Stylosanthes elatior, 466. 

Styrax conterminoum, 5; cordatum, 
rosum, 5; ovatum, 5 

Sundews, capture of butterflies, gor. 

Symbiosis, in Corallorhiza, 169, 170; in roots 
of Ophioglossaceae, 334. 

Symplocarpus foetidus, 457. 

Syngamete, 435. 


Tabernaemontana arvorea, 206; Donnell- 
Smithit, 206. 

Tendrils, 123, 345; inter-twining, 396. 

Tephrosia, ambigua, 459; 459; Spi- 
cata, 

Terminology, 435; of anatomy, morphology, 
physiology, 351, 353; of spores, 130. 

Thalictrum, 15; dioicum, 44, 45; polygamum, 


5; lep- 


Thouinia acuminata var. pubicalyx, 200. 
Tinantia leiocalyx, ait. 

Tissues, secondary in monocots, 156. 

Torula fructigena, 85; Novae- -Carlsbergiae, 


139. 

Tradescantia Guatemalensis, 210; zebrina, 
tomato grafts on, 290. 

Transpiration, influence of anaesthetics on, 
56; of entire plant, 59, 304. 

Trees of Kansas, 279. 

Tree ferns, 21. 

Trichomanes, 21. 

Trifolium, Carolinianum, 159; procumbens, 
159. 

‘Triticum vulgare, development of caryopsis, 
220. 

Trollius laxus, 

Tubercles in Leguminosae, 151, 226, 437. 

Turnip rot, 27. 

Ty nanthus Goudotiana, 6; Guatemalen- 


sis, 6. 
Types, necessity of seeing, 344. 


U 


Umbelliferae, North American, 54. 
Uncinula circinata, 71. 

Uredineae, 281; germination of, 447. 

Uredo, Arbuti, 256; Coeoma- nitens, 451, 454. 
Uromyces, Hyperici, 71; Zygadeni, 453. 
Ustilago, Carbo, 453; Holwayi, 253. 
Utricularia Varapuzensis, 209. 


Vv 


Vaccinium, 22. 


Vallisneria spiralis, 14. 

Valsa, 349. 

Vascular system in roots of water Ranuncu- 
laceae, 46, 47. 
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Vasey, Dr. Geo.*, 114; biographical sketch, 
170, 

Vegetative point, meristem of, ror. 

Vegetation of hot springs, 187. 

Vicia sativa, 158. 

Viola sagittata, 417. 

Violet rays, influence of in flowering, 39. 

Vitality in Uredineae, 452. 


W 


Water, evaporation of from plants, 304. 
West Virginia, catalogue, 33. 

Wheat rust, 338. 

Wimmeria, cyclocarpa, 199. 

Wolle, Francis, biographical sketch, 109. 
Woods Holl, bacterial flora, 439. 
Woodwardia angustifolia, 395. 

World’s Fair, botany at, 357. 


X 


Xanthoxylum, follosam, 1: Pterota, 1. 

Xylem, 42, 43. 

Xylorma Quichense and var. subalpina, 
198; spiculiferum, 198. 

Xyrideae, 313. 

Xyris, savannensis, 314; witsenioides, 314. 


¥ 


Year-book of Botany, 324, 399, 471. 
Yeast fungi, 139. 


Z 
Zea Mays, 28; development of caryopsis, 214. 
Zoospores of Draparnaldia, 294. 
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INDEX TO 


Atkinson, Geo. F., 16, 157, 266, 257. 


Bailey, W. Whitman, 395. 

Barnes, Chas. R., 403. 

Bay, J. Christian, 103, 105, 139, 187, 279, 311, 
312, 471. 

Bergen, Fannie D., 420. 

Berthoud, E. L., 435. 

Bessey, Chas. E., 36, 329. 


Campbell, D. H., 19. 

Canby, Wm. (& Rose), 170 

Carleton, M. A., 447. 

Cook, O. F., 76 

Coulter, hy MM. (& Rose), 54; (& Fisher), 
299. 


Deane, Walter, 143. 
Dewey, L. H., 275. 
Dietel, P., 253. 


Fisher, E. M.. 121; (& Coulter), 299. 
Foerste, August F., 457. 


Grout, A. J., 71. 


Hitchcock, A. S., 
Holm, Theo., 139, 313, 324. 
Humphrey, James Ellis, 85. 


Jack, John G., 369. 
Jesup, H. G., 142, 189. 
Johnson, L. N., 294. 
Jones, Herbert 111. 
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Scribner’s [Magazine for 
1894 —~— 


The utmost effort will be made to secure the best, most brilliant and at- 
tractive literature and art of the time. 
of the best reading and illustration. 


Price $3.00; 25 cents a number. 


Charles Scribner’s Sons, Publishers, 
_ 748 and 745 Broadway, New York. 


A subscription means over 1,500 pages 


q Copies of 
K OR SA LE MUSCI AMERICAE SEPTENTRIONALIS, 


by Renauld and Cardot. 


All the species known to occur in North America up 
to 1893 are systematically arranged, comprising over 1350 species, and num- 
bered consecutively. The numerous suggestive foot notes as to validity and 
affinities of certain species make this really more valuable than a mere check 
list. Very convenient for exchanges and arranging herbaria. 
Orders and amount may be sent to 
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Price, $1. 


Laboratory Apparatus. 


An AUXANOMETER and CENTRIFUGAL APPARATUS of new design (shown and 
described at the Madison meeting of the A. A. A. S.) 


These machines are of 
superior workmanship, mostly of brass, full nickeled. 


They are simple in con- 
struction, convenient to operate, of the highest accuracy, and moderate in price. 


AUXANOMETER - - $25 00 
CENTRIFUGAL (including electric motor and batteries) 25 00 


Address F. C. ARTHUR, La Fayette, Ind. 


(a mbridge Botanical Supply Gompany 
Successors to all business in Botanical Supplies in 
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DEALERS IN 


Herbarium and Laboratory Materials and Apparatus 
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CHARACEZ: OF AMERICA. 


The first fasicie of the second part of the Characeae of America is now ready. It con- 
tains descriptions of eight species of Nitella, as follows: Nitella opaca Ag., obtusa Allen, 
montana Allen, Blankinshipii Allen, Missouriensis Allen, flexilis Ag., subglomerata 
A. Br., and glomerulifera A. br. with fourteen tull-page illustrations (eight lithogra- 
phic plates and six photogravures ) These fasicles will be issued from time to time as 
plates can be prepared. Price of each part $1.00—the actual cost if the whole edition of 


50¢0 copies be sold. Address 
T. F. ALLEN, 10 East 36th St., New York ial 


SCIENCE (Weekly.) ) a 50 per Year. 


Eleventh year (1893). More than 1ooo of the leading scientific men and women of 
America and Europe have agreed to contribute. 


Communications will be weicomed from any quarter. Abstracts of scientific papers 
are solicited, and twenty copies of the issue containing such will be mailed to the author on 


request in advance, N. D. C. HODGES, 874 Broadway, New York. 


SPECIALLY PREPARED 
erbarium Paper: ‘Botanists 


This paper is iticred at the sedevnte price of $5.50 per 
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BAUSCH & LOMB OPTICAL CO. 


MANUFACTURERS OF 
MICROSCOPES, TELESCOPES, 
PHOTOGRAPHIC LENSES. 

AND OTHER OPTICAL INSTRUMENTS 


Factory and Office ; ROCHESTER, N. Y.—531-543 N. St. Paul Street. 
Branch Office ; NEW YORK. 18-50 Maiden Lane. 


Thirteenth edition of illustrated catalogue, with a number of improvements and additions 
in the line of microscopes, will be sent free ou application to any person interested in 
microscopy. 
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Henry Heil Chemical Co., 


ST. LOUIS, Mo. 


and 


LABORATORY 
SUPPLIES. 


GIVE US A TRIAL. YOU WILL FIND US PROMPT AND CHEAP 


Before Ordering Elsewhere, Get Our Quotations. 


Large Illustrated Catalogue on Application. 


Supplies for Microscopical Laboratories (cass stides, 


cover glasses, dissecting knives, forceps, scissors, etc.), at 
special rates in quantities. CORRESPONDENCE SOLICITED. 


Send for New Catalogue B (microscopes 
and supplies), handsomely printed on en- 
ameled paper, with many new descrip- 
tions, new illustrations, etc. Note the 
very low prices on slides, covers, stains, 
etc. Special low rates, by duty free im- 
portation, on the various Reichert No. III 
microscopes. Write for information. 


QUEEN&CO., 


Makers of the Acme Microscopes, and Sole Agents for Reichert, Vicnna. 


PHILADELPHIA. 
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ENLARGEMENT OF THE 


BOTANICAL GAZETTE 


The steady increase in the studies worthy of record which 
are submitted to the Editors of the BOTANICAL GAZETTE has 
compelled them during 1893 to print each month more than 
the 32 pages promised. In order to meet the growing de- 
mand for space and to permit the prompter publication of 
accepted papers, the editors have concluded to 


Enlarge the Journal 


from its present size, thirty-two pages monthly, to a mini- 
mum of 


FORTY PAGES 


with the probability, as in the past, of often exceeding this 
minimum. 

At the same time they are obliged to meet the increased 
cost, not only of the extra letter press, but especially 
the rapidly growing expense for plates. The number of 
plates already published in the first ¢ex n onths of 1893, 
(thirty-six), is one-half larger than in any preceding /we/ve 
months, and the demand for illustrations increases with the 
importance and length of the papers. Therefore, the pub- 
lishers announce that the subscription price, beginning with 
January, 1894, will be 


$3.00 a year 
STRICTLY IN ADVANCE. 
In Germany, 14 marks; in England, 14 shillings; in France, 
17 francs; postage included. 


No special rates or discounts to agents. 

It is hoped that all the subscribers to the present volume 
will renew promptly, as no numbers are sent after the ex- 
piration of the time paid for. 

Send money orders or drafts payable to the BOTANICAL 
GAZETTE. Stamps, cash or postal notes are at the risk of 
the sender. 

JOHN M. COULTER, CHARLES R. BARNES, J. C. ARTHUR, 
Lake Forest University, University of Wisconsin, Purdue University, 
Lake Forest, III. Madison, Wis. Lafayette, Ind. 
EDITORS AND PUBLISHERS. 
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